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UNIVERSITY EXPANSION IN 
GREAT BRITAIN 


N the note on University Policy and Finance in 

Great Britain which the Vice-Chancellors and 
Principals Committee issued last July, the need for 
some overall planning of available resources as 
between the different universities of Britain was 
recognized by the official heads of the universities. 
The first need at the moment is a vigorous defence of 
the main programme of university expansion, and 
most important, on lines which will permit the de- 
velopment of teaching and research facilities to a 
point which will provide for the increase in the number 
of graduates called for by the Barlow Report and else- 
where. It is no less important that closer attention 
should be given to the question of exactly how and 
where that expansion should take place. The Com- 
mittee of Vice-Chancellors and Principals has already 
accepted the view that the Government not only has 
the right but also the duty to satisfy itself that every 
field of study which in the national interest ought to 
be cultivated in Great Britain is, in fact, being 
adequately cultivated in the university system, and 
that the resources which are placed at the disposal 
of the universities are being used with full regard 
both to efficiency and to economy. Furthermore, it 
that the universities may properly be 
expected, collectively as well as individually, to 
devise and execute policies calculated to serve the 
national interest. 

From this point of view, the recent conference of 
the universities of Great Britain (see Nature, October 
18, p. 522) was disappointing. It is true that it is 
something that institutions of strong inde- 
pendence and diversity of age and constitution should 
have brought together to discuss common 
problems ; but it is no less true that what the con- 
ference revealed was not a large measure of common 
purpose but a marked preference for each university 
to deai with its own problems independently. The 
universities of Great Britain clearly unaccus- 
tomed to thinking of themselves as a group ; and in 
many admirable pronouncements from 
individuals, there is little evidence that the univer- 
sities as bodies have yet realized that they are, or 
could be, a single force in the life of the community. 

This lack of unanimity had several untoward 
consequences. It gave a certain air of unreality to 
the whole proceedings, but especially to those at 
the first session, dealing with the expansion of the 
universities. Even with Sir Alan Barlow in the 
chair, that discussion seemed in a world apart from 
the world economic crisis; for no one ventured to 
face the possible effects of that crisis, direct or 
indirect, on university expansion, and what revision 
in capital expenditure would be possible, if called for, 
with the minimum handicap to expansion. 

No doubt if the new Chancellor of the Exchequer, 
in the midst of his manifold responsibilities, can give 
any personal attention to the details of capital grants 
to the universities, they should have no cause to 
fear unreasonable calls for retrenchment. Sir Stafford 
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Cripps should be better able than most Ministers to 
appreciate the importance of the contribution of the 
universities to the efficiency of British industries 
and the production drive. But there will be no harm 
done if the universities are brought to realize that 
expansion may have to take place by austerity 
standards in order that the needs and standards of 
learning may be maintained. 

Though expenditure on university education is an 
outstandingly rewarding investment for the nation, 
it was unwise for the universities to miss such an 
opportunity of a united testimony. Moreover, even 
if the recurrent grants to the universities are un- 
affected by the crisis, the expenditure, if not the 
amounts of the capital grants, may be modified. 
Halls of residence and some other building schemes 
may have to go lower on the list of priorities. Further, 
if the targets for increasing numbers are not to be 
lowered, especially the provision of teaching facilities, 
any reduction in capital expenditure will require 
careful adjustment and probably of a type that is 
almost impossible without close co-operation between 
the universities. 

The conference maintained that the existing plan- 
ning organisations are adequate, and this was a main 
reason for the rejection of the proposal for the estab- 
lishment of a representative universities council. 
That might be true but for the existence of such 
independence or non-co-operation as was apparent at 
the conference. The emphasis placed by the con- 
ference on university freedom was, in fact, misplaced. 
The real dangers to university independence and 
freedom to-day may lie as much within the univers- 
ities themselves as outside their gates. 

The Vice-Chancellors and Principals Committee 
has suggested that the University Grants Com- 
mittee should undertake the task of overall planning 
and making the necessary surveys of all the main 
fields of university activity in Great Britain. General 
recognition of the admirable work which the Univ- 
ersity Grants Committee has done and continues 
to do is to be found side by side with two opinions 
in the universities themselves, as well as outside, 
whether even the reconstituted Committee will 
be adequate for its task. The Vice-Chancellors 
visualize the Committee as surveying the university 
system and offering advice and suggestions to the 
universities as it seems fit; but while the Vice- 
Chancellors admit that they are not in a position to 
judge finally as to the order in which priorities would 
best accord with the nation’s needs, there must 
remain the doubt at least in the minds of those 
outside the universities as to how far a particular 
university would accept advice and suggestions from 
the Committee on matters which touch closely local 
interests or tradition. 

Apart from this, there is the view to which The 
Economist has given expression, which regards the 
University Grants Committee as inherently liable to 
accept passively suggestions which may come from 
the universities and the Committee of Vice-Chan- 
cellors and Principals rather than take an independent 
line of its own. Admirable as is the idea of a quin- 
quennial Treasury fund for capital expenditure 
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suggested by the Vice-Chancellors and Principals in 
their note, it might well be accompanied by condit ions 
designed to ensure that development is in line with 
national and not sectional requirements, so far as 
those needs can be foreseen 

It cannot be said, therefore, that the question of 
the authority and organisation for university develop. 
ment as a whole has yet been finally determined, 
But while this urgent problem is being considers, it 
is important that the breathing space which som: 
restriction on capital expenditure affords should be 
utilized to determine as accurately as possible the 
quantitative expansion of students which is desirable. 
The Ministry of Labour and National Service has 
already set on foot an inquiry to obtain as complete 
an analysis as possibie of the existing distribution in 
age-groups and subjects of scientific and technical 
workers in Great Britain and overseas (see Natur: 
Nov. 29, p. 742). 

Such surveys are manifestly required to supplement 
and to particularize the estimates both of the Barlow 
Report and the Percy Report, which were not entirely 
complementary ; but more will still be required, as 
was indicated in the more recent Urwick Report, t: 
cover the absorption of arts as well as science 
graduates in the administrative side of industry, 
There is room here for further surveys alike by the 
university appointments boards, the appointments 
bureaux of the professional organisations and by the 
Ministry of Labour and National Service ; and they 
should be implemented at once so that their findings 
are available before the restrictions on expansion 
likely to be imposed by the general limitation of 
capital expenditure to £20,000,000 of building within 
the next five years can cease to be effective. 

The survey recently completed by the Federation 
of British Industries* shows that industry is making 
a real attempt to formulate its own quantitative 
demands for research workers and technologists, 
This survey estimates that about forty-five thousand 
persons are employed directly on industrial research 
and development in industry, of whom about ten 
thousand possess a university degree or an equivalent 
qualification. These include mathematicians, physi- 
cists, chemists, biologists, engineers, metallurgists 
and others; nearly half are chemists and one third 
are engineers. Plans for the immediate future, to the 
end of 1947, indicate that half the firms who replied 
to the questionnaire will require additional qualified 
staff amounting to an increase of about twenty-five 
per cent, and the general trend of the replies indicates 
that a further increase of the same order will be 
required for 1948-50. The greatest numerical 
requirements are for chemists (839) and for engineers 
(494), but greatest proportional increases are for 
biologists (167) and physicists (252). 

One of the first points that emerges from any such 
survey is the impracticability of considering university 
expansion apart from that of the technical colleges. 
Unless the anomaly in the higher educational system 
of Great Britain which places the development of 
universities and of colleges of technology under 


* Scientific and Industrial Research in British Industry: & 
Statistical Survey by the Industrial Research Secretariat. Pp. 26. 
(Lendor : Federation of British Industries, 1947.) 1+. 
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No. 4075 December 6, 1947 
different Ministers is to be corrected in the near 
future, some other means of securing the necessary 
co-ordination must be devised as a matter of urgency. 
This is shown up even on the side of scientific man- 
power. With all the limitations of the present 
colleges of technology, it is estimated by the Parlia- 
mentary and Scientific Committee that between them 
they could have an output of between 5,000 and 7,000 
trained technologists and scientific workers a year as 
against the 3,000 estimated for 1943 by the Percy 
Committee. This number cannot wisely be doubled 
without regard to the concurrent doubling of the 
output of science graduates from the universities, or 
indeed without regard to the output of arts graduates. 
At the present moment, as Lord Simon has pointed 
out, the relatively greater ease of expansion on the 
arts side of the universities has permitted the output 
of graduates in arts to rise more rapidly than the 
output of science graduates, and the problem of 
employment for arts graduates is already viewed 
with some concern. Important as it may be that 
there should be a proper balance between the different 
faculties in university expansion, there is a se1ious 
danger if the output of arts graduates is allowed to 
exceed to any considerable extent the probable 
demand for their services. Large-scale unemployment 
among university graduates has repercussions which 
are the more dangerous in that they are not 
immediately visible. 

An obvious first precaution is the compilation of 
reasonably accurate estimates of demand, and in this 
urgent task the Higher Appointments Department of 
the Ministry of Labour and National Service and the 
Technical Personnel Committee should receive every 
assistance that the professional organisations and the 
university appointments boards can give. How- 
ever, it also raises more fundamental questions as to 
the purpose and content of university education 
itself, and whether in general it tends to be stan- 
dardized too much in terms of the past. Lord Lindsay 
of Birker has stated that businesses are more and 
more going to the universities not just for men 
trained in the technical aspect of business but for 
men trained in problems of management, welfare and 
the like; and that local education authorities con- 
fronted with the expansion of the social services are 
asking more and more for men trained in the univer- 
sities to deal with all kinds of problems concerned 
with the social services. Lord Simon also suggested 
that there are many administrative positions in which 
university men trained to bring imagination and 
breadth of view to bear on a situation may provide 
something that is often lacking in branches of industry 
and of local government. Even if the tradicional 
avenues for the employment of arts graduates were 
not contracting rather than expanding, we are brought 
here face to face with the question whether the arts 
degree is to be regarded as in some measure @ prepara- 
tion for employment rather than for life. 

The same fundamental issues were discussed at the 
recent Dundee meeting of the British Association in 
the discussion on the education of the man of science, 
and there is much to be gained if the different aspects 
are considered not in isolation but as particular 
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aspects of one problem. Closer consultation between 
the different parties concerned and further exchange 
of views between competent and representative 
bodies will be required ; and also some measure of 
experiment with fresh measures is necessary. Lord 
Lindsay indeed urged, as one reason for the «stablish- 
ment of a new and independent committee to con- 
sider the long-range problems, that the University 
Grants Committee, by practice and constitution, is 
not necessarily the best body to review the whole 
framework of higher education with the idea, per- 
haps, of revolutionary change. 

There is no question of the importance of expanding 
the universities of Britain, and the imperative need 
for the universities, collectively rather than indi- 
vidually, stating the case for expansion and indicating 
quantitatively so far as possible how that expansion 
is to be planned in relation to available resources. 
Temporary retardation of the rate of expansion may 
be no disadvantage if the opportunity is seized for 
experiment and for fundamental thinking about the 
issues involved. There must also bs greater readiness 
and determination to deal with the problems of 
specialization and of departmentalism, a readiness to 
accept new groupings rather than the traditional 
arrangements of subjects, and to work out, if 
necessary, new means by which standards of intel- 
lectual discipline can be maintained and inculcated. 

These are not tasks which can be left to any one 
body, whether it be the University Grants Com- 
mittee, a universities advisory council, or a new 
Royal Commission. They require the close co- 
operation of those engaged in university teaching, 
research or administration, school teachers, pro- 
fessional associations, industrial scientists, adminis- 
trators and many others. Above all, the tasks 
demand the sustained interest of all those individual 
citizens who, whether university graduates or not, 
have seen some vision of what is at stake, and who 
realize how much depends on the universities pro- 
viding not merely trained intellects but also men and 
women of personality and character. 


MICROPALAONTOLOGY 
IN GEOLOGY 


Principles of Micropalzontology 
By Martin F. Glaessner. Pp. xvi+296. (Melbourne : 
Melbourne University Press; London: Oxford 
University Press, 1945.) 45s. net. 
HE last few decades have seen the rise of micro- 
paleontology to a position of considerable 
importance in geology, particularly in the quest for 
oil. The publication of Dr. Giaessner’s book is 
therefore a welcome event; and its production in 
this handsome form during the recent World War 
reflects credit upon those responsible for its get-up. 
Although it was the academic geologists who first 
realized the scientific value of microfossils, we owe 
the main developments in this field to the applied 
geologists, and particularly to the paleontologists 
employed in the oil and coal industries. A notable 
exception to this statement is provided by the 
remarkable output of literature on Pleistocene and 
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recent spores and pollen which has enriched our 
appreciation of plant distribution and chronology, of 
climatology and orogeny, and even of prehistory and 
archeology. 

The book has grown out of a series of lectures given 
by the author in the University of Moscow, and the 
author makes acknowledgments (inter alia) to the 
Anglo-Iranian Oil Company and the Standard 
Vacuum Oil Company (New York) for their interest 
as sponsors for the work. 

The treatment of the subject is dominated by the 
point of view of the oil geologist, for whose purpose 
the Foraminifera are—and are likely to remain—by 
far the most important microfossils, not only because 
of their great vertical range (Cambrian to Recent) 
and wide dissemination in the marine strata, which 
form the greater part of the sedimentary record, but 
also because they show fine morphological distinctions 
which can be closely dated in geological time. 

The text is divided into three parts. In Part l, 
after a brief historical introduction (Chap. 1, pp. 3-6), 
the author gives a cursory treatment (Chap. 2, 
pp. 7-32) of different groups of animals which are 
represented as microfossils; also of the flagellates, 
diatoms and bacteria. The stratigraphical value of 
plant microfossils, especially of spores and pollen, is 
fully recognized; but as their study is a highly 
specialized branch of micropalzeontology the author 
makes no attempt to deal with it in any detail. 
Chap. 3, pp. 33-57, which should be read with a 
brief appendix (Chap. 10, pp. 237-242) deals with 
the practical details of collecting and preparing, 
preserving and studying microfossils. Although 
mainly intended for the use of those working on the 
Foraminifera it contains practical hints which the 
paleobotanist, too, would find useful. There is no 
mention of that time-honoured formula of Schulze 
(maceration with nitric acid plus potassium chlorate, 
followed by alkali treatment) which has served the 
palzobotanist so well. Freshwater Tertiary sediments 
examined mainly for plant microfossils are known to 
have yielded occasional chitinous fragments of animals 
(chiefly insects and mites). This technique is perhaps 
worthy of trial on marine rocks which contain animal 
remains having chitinous parts, for example, tri- 
lobites, arthropods, ete. If critically studied on the 
lines of plant cuticles, animal chitins may be expected 
to yield further data of practical as well as purely 
taxonomic value. 

Part 2 (pp. 58-194) gives in three chapters a 
detailed account of the paleontology of the Fora- 
minifera, with an introduction of ten pages on the 
structure of the living organism. The classification 
of the group is discussed in detail, with numerous 
illustrations and analytical charts which bring out 
graphically the more important facts relating to 
the morphology, paleoecology, stratigraphical distri- 
bution and phylogenetic relationships of the different 
groups of Foraminifera. In an appendix (pp. 243-252) 
there is a synopsis of a revised classification of the 
group and of the geological ranges of the more 
important genera. 

Part 3 is devoted to stratigraphic micropaleonto- 
logy. In Chap. 7 (pp. 197-212) the sequence of 
microfaunas from Cambrian to Tertiary is reviewed, 
and Chap. 8 (pp. 212-226) treats at some length of 
the correlation of strata, both local and regional, on 
microfossil data. The role of microfossils in oil 





geology is explained in Chap. 9 (pp. 227-235), with 
special reference to the main oil-producing regions of 
the world. 
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There is a voluminous bibliography covering + hirty 
pages, classified chapterwise, followed by an in: ox of 
fourteen pages and a table giving the standan 
stratigraphical scale, conveniently placed on a {older 
at the end of the book. 

As stated, the work is chiefly intended for the 
student of Foraminifera in the search for oi!, and 
the main body of the volume could do very well as 
an advanced text-book on the Foraminifera. Fo; 
these purposes, evidently, the book is bound ‘5 be 
of the greatest value. 

In the preface the author expresses the hope that 
a handbook covering the whole field of miicro. 
palzontology may at some future time be proc uced 
by the co-operation of specialists in different branches 
of the science. It is much to be hoped that this 
suggestion will fructify, and bring together in a 
handy form the vast and rapidly growing literature 
on spores and pollen both for the use of the academic 
student and of those engaged in the practical problems 
of lignites, peats and coals, and oil. 

It has recently been shown!' that in freshwater 
sediments which are devoid of Foraminifera, for 
example, in the great Tertiary oil-bearing series in 
Assam (until recently regarded as practically un. 
fossiliferous), plant microfossils have a_ potential 
stratigraphical value parallel to that of the Fora. 
minifera in the case of marine sediments. The value 
of plant microfossils in structural geology has also 
been demonstrated in a striking manner by con. 
firming the idea of a regional thrust in the Salt 
Range which has brought the Cambrian and other 
Palzozoic strata in the Punjab so as to overlie the 
Eocene Saline Series*, The use of pollen analysis in 
the investigation of glacier movements is a fine 
illustration of the possibilities of this technique, 
which Volkmar Vareschi* has ingeniously laid bare. 

The science of micropalzontology strides forward 
with the vigour of its youth: the number of specially 
trained workers and specially equipped laboratories 
engaged in this field all over the world bear witness 
to its interest and importance. Dr. Glaessner’s book 
will provide a further stimulus to this activity. 

All students of geology, and oil geologists in 
particular, will be grateful to the author for this 
valuable presentation of a subject of increasing 
scientific as well as practical interest. 

B. Saunt 
* Work done at the Institute of Palwobotany, Lucknow, for the 
Burmah Oil Conpnaey (I Concessions): summary in “Paleo 
botany in India’’, 6 (J. Ind. Bot. Soc.; 1947). 
* Second Symposium on > Age of the Saline Series, Proc. Nat. Acad. 
Sci. India, 17, i-1, 29-257 (April 30, 1947) 


*“Die aattiee Untersuchung der Gletecherbewegung” 
Verdffentl. d. Geobot. Inst. Riibel in Zirich, 19 (1942). 





RECENT PROGRESS IN GENETICS 


Advances in Genetics 

Edited by M. Demerec. Vol. 1. Pp. xvi + 458. 
(New York: Academic Press, Inc.; London: H. K. 
Lewis and Co., Ltd., 1947.) 7.50 dollars. 


F the first volume may be taken as a fair sample of 
what is to come, many biologists besides geneticists 
proper will extend a warm welcome to the new series 
of “Advances in Genetics’’, edited by Dr. M. Demerec. 
No one nowadays can be confident of accomplishing 
the Sisyphean task of keeping up with the literature, 
except within a very narrow field, which can scarcely 
comprise more than one section of such a broad 
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discipline as genetics. Yet it becomes clearer every 
day that even sciences which were conventionally 
considered quite distinct do, in fact, throw revealing 
gleams of illumination on to one another, and may 
suddenly coalesce in the most unexpected, but fertile, 
unions. In these circumstances, a vital part is played 
by critical summaries of recent progress, detailed 
enough to reveal what is actually known and what is 
merely guessed, yet concise enough to deal with an 
important topic in a compass which the busy specialist 
in other fields can find time to absorb. In the past, 
there have been few such reviews on genetical 
subjects ; this lack the new series is designed to fill. 

The first volume covers a wide range, dealing with 
both botanical and zoological topics. The authors are 
all American, and could scarcely be otherwise, not 
only because American biologists have made genetics 
one of their favourite fields and have taken an 
undoubted lead in its recent development, but also 
because their work was considerably less interrupted 
by the War than that of any other country. It is 
certainly symptomatic of one of the main trends of 
present American thought in genetics that a majority 
of the articles deals explicitly with evolutionary 
problems. Thus Babcock summarizes the very 
extensive work on speciation in the genus Crepis ; 
Gordon discusses speciation in fishes, with especial 
reference to the distribution of genes in some wild 
populations of Platypecilus ; Mangelsdorf writes on 
the origin of maize and Stephens on that of cotton ; 
Stebbings deals with the different types of natural 
and synthetic polyploids; and Spencer gives a full 
account of the investigations which have been made 
on the mutant genes occurring in wild populations 
of Drosophila species. 

The unprejudiced reader cannot help admitting, 
perhaps with some disappointment, that no other 
organism can begin to compete with Drosophila as 
a betrayer of Nature’s genetical secrets. The story 
which Spencer unfolds is restricted to one special 
aspect of our knowledge of Drosophilid evolution-in- 
the-making ; he describes only the distribution of 
mutant genes, and omits, for example, the massive 
work of Dobzhansky and Wright on the natural 
chromosome inversions within a single species, the 
studies of Sturtevant, the Texas group under Patter- 
son, and others on systematics and chromosome 
morphology, as well as the recent work on mating 
barriers and infertility mechanisms within the genus. 
But one has only to compare Spencer’s review with 
that of Gordon on fishes to realize how much fuller 
is our understanding of the insect ; and if the cyto- 
logical part of the Drosophila story had been included 
it would be found not inferior even to the body of 
information which has been collected about such 
plants as maize and Crepis. 

Of the non-evolutionary articles, two are agri- 
cultural: Attwood on the breeding of forage crops, 
and Shrode and Lush on cattle. Irwin gives an 
account, perhaps rather too condensed, of recent 
work in immunological genetics, which includes a 
welcome summary of his own studies on the inter- 
specific antigens in doves. Perhaps the most generally 
interesting of these articles, and one of the highlights 
of the book, is a long review by Sonneborn of the 
recent studies on Protozoan genetics, conducted 
mainly under his guidance. The discovery of the 
system of ‘mating types’ within the varieties of 
Paramecium aurelia made possible an analysis by 
means of cross-breeding, the first result of which was 
to clear up many obscure points in the general 
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reproductive biology of this classical organism. Very 
shortly, however, results emerged which were of 
much more profound significance for biology as a 
whole. In the best analysed varieties of Paramecium, 
inheritance of many, if not all, characters is primarily 
through cytoplasmic factors. A considerable amount 
has already been accomplished towards elucidating 
the extraordinary relations between the reproduction 
of these factors and that of the genes to which they 
are related ; and by very ingenious methods of con- 
trolling the relative rates of reproduction, and the 
amounts of cytoplasm passed between the two 
individuals in conjugation, it has been possible to 
estimate that each cell may contain some 200-300 
particles of one of the cytoplasmic factors. The 
importance of this line of work for our understanding 
of the relations between gene and cytoplasm, and 
thus for our theories of the most fundamental aspects 
of cell physiology, can scarcely be over-estimated. 
C. H. WappIncton 





BESSEL FUNCTIONS IN BULK 


Tables of the Bessel Functions of the First Kind of 
Orders Zero and One 
By the Staff of the Computation Laboratory. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 3). Pp. xxxvii+652. 
Tables of the Bessel Functions of the First Kind of 
Orders Two and Three 
By the Staff of the Computation Laboratory. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 4.) Pp. ix+652. 
Tables of the Bessel Functions of the First Kind of 
Orders Four, Five and Six 
By the Staff of the Computation Laboratory. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 5.) Pp. xi+ 652. 
Tables of the Bessel Functions of the First Kind of 
Orders Seven, Eight and Nine 
By the Staff of the Computation Laboratory. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 6.) Pp. ix+648. 
(Cambridge, Mass.: Harvard University Press ; 
London: Oxford University Press, 1947.) 55s. net 
each volume. 


HE Computation Laboratory of Harvard Univer- 

sity is equipped with an 7BM automatic sequence 
controlled calculator, the construction and operation 
of which are described in Volume 1 of its Annals (see 
Nature, 158,567, Oct. 26, 1946). It was built with Bessel 
functions in the forefront of its programme, but has 
seen some war service. Now the calculation of these 
functions is—and despite its speed and ability to 
work 168 hours per week is likely for some time to 
remain— its ‘base load’. 

The four volumes before us are the first-fruits of 
its labours in this field. They contain values of 
Jn(xz) for n = 0(1)9 and xz = 0(0-001)25(0-01)99-99 
(it is absurd that place could not be found for 
x = 100). The values for n = 0, 1, 2, 3 are given 
throughout to eighteen decimals, while those for 
higher values of n are given to ten decimals only. 

The tables are entirely new, and are independent 
of all previous computation in this field. The 
18-decimal values in volumes 3 and 4—or more 
precisely the 23-decimal values upon which they are 
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based—form the foundation for subsequent volumes. 
In computing these use was made, for the smaller 
values of z, of the ascending power series (more 
accurately the Horner process applied to the poly- 
nomial which is the series truncated at a suitable 
term); but a change to the asymptotic series was 
made when z became large enough for this to yield 
the desired accuracy. The 10-decimal values in 
volumes 5 and 6 have been computed by a straight- 
forward application of the recurrence formula. 
Details of the formule used, and of the elaborate 
checks applied, are given in an interesting intro- 
duction to volume 3. The machine prints its results 
by means of an electromatic typewriter, and it is 
these printed results which have been reproduced by 
photo-lithography, so that it is extremely unlikely that 
any errors will be found. 

No direct provision is made to facilitate inter- 
polation, but formule involving differences, and their 
Lagrangian equivalents (same order, different argu- 
ments), are given in the introduction to volume 3, 
while formule depending on the Taylor series, again 
reduced to Lagrangian form (same argument, different 
orders), are given in the introduction to volume 5. 

The intention is to proceed with the computation 
of Jp(x) for the same range of z as in the present 
volumes, for integer values of n up to and including 
100. When the project is complete, all reasonable 
demands for values of the J Bessel functions of 
integer order would seem to be met. The 18-decimal 
values of volumes 3 and 4 constitute in themselves 
a fundamental table of major importance. If the 
engineer or physicist considers the provision of 
18 decimal places absurdly generous, at least three 
replies may be made. It is easier to discard unwanted 
figures than to supply any desired beyond those 
given in a table; it is relatively inefficient to use a 
complicated machine at less than full capacity ; to 
complete the project by the proposed use of the 
recurrence formula needs in the fundamental tables 
more than twenty decimals (the machine computes 
twenty-three) in order to secure everywhere ten 
reliable decimals. 

We must be grateful for an achievement of such 
magnitude and enduring permanence, although one 
cannot help endorsing Dr. Comrie’s wish that the 
resources of this computing engine had been deployed 
in fields where it could make significant additions to 
our knowledge. 

But these large volumes—the page size is 7} in. 
by 10} in., and the four occupy together 74 in. of 
bookshelf—inevitably bring to mind other questions. 
It is clear that in this machine we possess the means 
of ‘mass-producing’ the values of a class, limited but 
still very large, of mathematical functions. Com- 
putation, in this field, is no longer a crucial problem. 
It is now to the inter-related question of reproduction 
and accessibility of the results that some thought 
should be devoted. The volumes of the present 
project, when completed, will occupy some 5 ft. of 
bookshelf, but will cover only the J functions of 
integer order. Add also the I-, Y-, and K-functions, 
the Bessel functions of these types of half-odd- 
integral order, the ber, bei, and related functions in 
the Bessel family; then imagine the elementary 
functions, and the others which appear in, say, 
Whittaker and Watson’s “Modern Analysis” treated 
equally generously. The size of the resulting library 
of mathematical tables becomes to a librarian 
frightening on the scores of both space and finance, 
and to the user embarrassing and forbidding. 
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Photographic reproduction from typescript, ag 
used in these and other tables, has disadvantages 
which go some way to offset its evident advantaves. 
Compared with good examples of tables printed from 
type the numerals are larger, but despite this are 
more fatiguing to use for any length of time. Most 
of the examples of mathematical tables photogray hic. 
ally reproduced from typescript which the writer has 
seen are bulky owing to the use of relatively thick, 
absorbent paper; is this inevitable? Finally, is it 
impossible to harness modern computing machinery 
to some form of mechanical compositor, so that the 
advantages of appearance, legibility and compact. 
ness of the printed page may be combined with that 
saving of the labours of the compositor and the proof. 
reader which the method of reproduction of these 
volumes enjoys ? W. G. BrIcKktey 


SCHOOL BROADCASTING 
IN BRITAIN 


School Broadcasting in Britain 
By Richard Palmer. Pp. 144 + 27 plates. (London: 
British Broadcasting Corporation, 1947.) 3s. 6d. net, 


tg Sir Henry Richards points out in a foreword 
to this volume, the publication of this ‘‘first 
considerable contribution” on the subject of school 
broadcasting requires neither apology nor explana. 
tion. Much has happened since the Carnegie Trustees 
undertook that pioneer investigation into the possi- 
bilities of broadcasts to schools, the results of which 
were made available in 1928 in “Educational Broad- 
casting: a Report of a Special Investigation in 
Kent”. That progress should have been so rapid 
in the past twenty years is the more surprising when 
“the sceptical though benevolent neutrality”” which 
characterized the attitude of educationists in the 
early twenties is recalled. 

The task which Mr. Palmer has set himself is that 
of interpreting the work of his colleagues and himself ; 
and it is one for which he is admirably equipped. A 
former lecturer in education in the University of 
Liverpool, he joined the staff of the School Broad- 
casting Department of the B.B.C. in 1940 and, in 
addition to a particular responsibility for science 
broadcasts, has had for seven years wide experience 
in the work of the department. His own contribu- 
tions—which are made in ten chapters—are enriched 
by Miss Mary Somerville’s account of “How School 
Broadcasting Grew Up”, by Mr. John Horton's 
analysis of recent experiments in music, and by Mr. 
Edward Wall’s discussion of modern language 
broadcasts. 

Of particular interest to educational psychologists 
is the concluding chapter in which Mr. Palmer 
analyses “Some Problems for Study”. It is, for 
example, assumed that school broadcasting can have 
a considerable influence on interests and attitudes. 
Of the short-term influence there is abundant evidence. 
But what of long-term interests ? Do young people 
develop interests and hobbies in later life as a result 
of their introduction to such series as ‘General 
Science’’, “Science and Gardening”’, ““Nature Study” 
and ‘How Things Began” ? Interesting as this and 
other problems discussed by Mr. Palmer undoubtedly 
are, the most immediate need is, as he is well aware, 
for extensive research into the psychology of atten- 
tion. 
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The Design of Experiments 
By Prof. Ronald A. Fisher. 
xi 240. (Edinburgh and London: 
Boyd, 1947.) 128. 6d. net. 


NE of the striking characteristics of modern 

biological statistics is its insistence on experi- 
mental design. The most powerful methods of 
analysis can be used, and the greatest amount of 
information obtained, only if the experiment is laid 
out with this end in view. Randomization is necessary 
for trustworthiness, replication for efficiency and 
factorial design for comprehensiveness. Without 
these precautions, the experiment will at best give 
a poorer return than it need, for the labour and 
materials expended on it. 

The first book devoted to the exposition of these 
modern principles of experimentation and their 
translation into design was “The Design of Experi- 
ments’, the fourth edition of which has just appeared. 
This now standard work has been changed but little 
since its first appearance, and the only new addition, 
a valuable one, is a section on the fiducial limits of a 
ratio. The reappearance of this book will be welcomed 
by all who have an interest in biological experimenta- 
tion. K. M. 


No. 4075 


Fourth edition. Pp. 
Oliver and 


Wonders of Natural History 
By E. L. Grant Watson. Pp. 192. (London: Pleiades 
Books, Ltd., 1947.) 8s. 6d. net. 


fb - entertaining and attractively illustrated 

volume is a reprint of two earlier works, ‘“‘Enigmas 
of Natural History”’ and “‘More Enigmas of Natural 
History”. To the layman who reads for pleasure, 
and to the biologist who may read for profit, the 
author has much to tell that is curious, fascinating, 
wonderful and puzzling. That is the way of Nature, 
though we sometimes forget it. But at almost any 
point, in making casual observations on the life- 
history or habits of bird or insect, we are brought 
sharply face to face with the unknown, with phe- 
nomena on which the professed biologist so far has 
little positive to say. A realization of this prevailing 
state of affairs, an eye for telling examples, and a 
power of simple, lucid statement, are among the 
merits of the present work. At the end of almost 
every paper the author comes to the same point : 
How was this curious development or relationship 
brought about in the course of evolution ? Is it con- 
ceivable that the many complex adaptations, each 
occupying its proper place and sequence in the in- 
dividual life-cycle, are merely the result of continuous 
small variations, or even larger ones? These are 
still and always will remain topics of major interest 
in biology. It is good that we should occasionally be 
reminded of them. 


Australia 

Its Resources and Development. Edited by Prof. 
G. L. Wood. Pp. xvii+334-+ 28 plates. (New York : 
The Macmillan Company ; London: Macmillan and 
Co., Ltd., 1947.) 20s. net. 


ORE than a dozen authorities on various aspects 

of Australia have contributed to this survey of 
the economic resources and the prospects of the 
Commonwealth. In a short but sincere discussion on 
the peopling of Australia, “‘the general conclusion 
reached is that the growing period over three- 
quarters of Australia is not long enough for com- 
mercial agriculture’. Much of it, however, is suitable 
for grazing of sheep or beef cattle. Several of the 
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writers dwell on the problem of water, the risk of 
drought, the limitations of irrigation and the 
exploitation of artesian water. Water supply is, of 
course, linked with hydro-electric resources, which are 
abundant only in Tasmania and especially in New 
Guinea. The extent of mineral resources, fuel and 
possible industrial development are fully considered, 
and these as well as other problems are approached 
objectively and fully. Altogether this is one of the 
most valuable books on Australia that has appeared 
in recent years. It is illustrated with many photo- 
graphs and maps. 


Current Waterworks Practice 

A Practical Treatise on the Provision of Water 
Supplies for Urban and Rural Communities. By 
W. H. Maxwell. Pp. viii + 254 + 20 plates. (London : 
B. T. Batsford, Ltd., 1946.) 21s. net. 


HE increasing attention being given to the 

provision of wholesome water supplies to dwellers 
in country districts as well as in urban localities 
has prompted the author to prepare this very useful 
and practical treatise dealing in a generally compre- 
hensive, and yet succinct, way with the various 
problems which arise in connexion with projects of 
water supply. It includes a discussion on a national 
water policy for rural and other areas, with transcripts 
of the provisions of the Rural Water Supplies and 
Sewerage Act, 1944, and the Water Act, 1945. The 
greater part of the work is of a practical and detailed 
character, commencing with a description of under- 
ground water resources and means for their conserva- 
tion and protection from pollution, and then proceed- 
ing to discuss such matters as the choice of electric 
motors and other equipment for pumping installa- 
tions ; concrete and cement for constructional work, 
including the use of reinforced concrete ; automatic 
pump control; methods of water purification and 
the sinking of wells. The volume is well illustrated 
by diagrams, and there are particulars and photo- 
graphs of installations in Great Britain and abroad, 
showing current practice in reservoir construction. 
Among the appendixes is a useful statement of 
water equivalents and other data. There is a service- 
able index. B.C. 


The Arboretums and Botanical Gardens of North 
America 

By Dr. Donald Wyman. (Chronica Botanica, Vol. 

10, No. 5-6.) Pp. 395-498 + plates 27-43. (Wal- 

tham, Mass.: Chronica Botanica Co.; London: 

H. K. Lewis and Co., Ltd., 1947.) 1.50 dollars. 


WING to the difficulty at the present time in 

obtaining factual information regarding staffs 
and equipment of scientific institutions, this account 
of the botanic gardens and arboretums of North 
America is welcome. Its survey deals with about 
ninety gardens of varying importance ranging from 
the New York Botanical Garden, the Arnold Arbore- 
tum, to smaller gardens connected with the botanical 
departments of universities and also those privately 
owned but open to the public. 

In every case, the function, brief description of 
special features, ownership, size of collections, herb- 
arium, budget, director, number of employees and 
list of publications are given. 

In addition, a portfolio of prints and photographs 
of some of the more famous gardens, old and modern, 
American and foreign are given. There are also plans 
of some of the larger gardens. A very useful book of 
reference. 
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JUBILEE OF THE DISCOVERY OF 
THE ELECTRON 


N 1897, Prof. J. J. Thomson, working in the 

Cavendish Laboratory at Cambridge, discovered 
that cathode rays consist of negatively charged 
particles (electrons, as they afterwards came to be 
known) many times smaller in size than the smallest 
atoms known. During the fifty years that have 
elapsed since that discovery, it has been established 
that electrons form an essential part of all matter. 
Numerous practical applications of the use of elec- 
trons have been found, and vast new industries have 
been set up based on electronic devices. On the 
theoretical side, the discovery of the electron has 
opened the way to research into the structure of the 
atom, and, more recently, into that of the nucleus, 
leading finally, for better or worse, to the release of 
atomic energy. 

To mark the jubilee of the discovery of the elec- 
tron, celebrations were held recently in London by 
the Institute of Physics and the Physical Society 
in collaboration with the Institution of Electrical 
Engineers. On the afternoon of September 25, at the 
Royal Institution, Prof. J. A. Crowther gave a 
lecture on the history and early development of the 
discovery. He was followed by Prof. R. E. Peierls, 
who spoke on electrons in modern theoretical physics. 
In the evening, a public lecture was delivered to a 
very large non-technical audience at the Central Hall, 
Westminster, by Sir Clifford Paterson, director of 
the Research Laboratories of the General Electric 
Co., Ltd., on “The Electron Liberated’. On the 
following day, the Electron Jubilée Exhibition at 
the Science Museum, South Kensington (see Nature, 
Oct. 4, p. 461), was formally opened. At the Institu- 
tion of Electrical Engineers, a posthumous portrait 
of Sir J. J. Thomson, painted by Mr. Francis Hodge, 
was unveiled by ‘J. J.’s’ son, Sir George Thomson, 
who then addressed the assembly on the electron in 
research. He was followed by Dr. T. E. Allibone, 
who spoke on electrons in industry. 

Prof. A. M. Tyndall, president of the Institute of 
Physics, in introducing Prof. J. A. Crowther, stated 
that the suggestion to celebrate the jubilee of the 
discovery of the electron had originated from a 
remark made by Dr. A. J. Maddock. The suggestion 
was taken up enthusiastically by the Board of the 
Institute of Physics, which then invited the Physical 
Society and the Institution of Electrical Engineers 
to join in the organisation of a series of meetings 
which would be thoroughly representative of the 
two sciences—physics and electrical engineering 
which had been most directly affected by the dis- 
covery of the electron. Prof. Tyndall invited the 
meeting to send the following message of greeting to 
Lady Thomson, who was prevented from being at 
the meeting. “Representatives of science and indus- 
try, together with old friends, assembled at the 
Royal Institution to-day to commemorate the 
fiftieth anniversary of the discovery of the electron 
by your husband, send you warm greetings and 
best wishes.” 

Opening his lecture, Prof. Crowther said that in 
order to appreciate to the full the discovery of the 
electron and the genius of its discoverer, Sir J. J. 
Thomson, it was necessary to be aware of the ideas 
prevalent in the pre-electron era, and perhaps also 
the facilities available then. He therefore briefly 
outlined the position of physical knowledge in 1897 
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and the course of events which led up to Thomson's 
experiments. Prior to 1890, the study of electrical 
discharges in a vacuum tube had progressed ery 
slowly, no doubt partly due to the extremely 
laborious methods of evacuation which had to be 
used, and also partly to the lack of serious examina. 
tion of the beautiful phenomena observed. Schu-ter, 
in 1890, made the first real attack on the probler: of 
elucidating the nature of the cathode rays, wher he 
took the trouble to measure the magnetic deflexion of 
the rays in a measured magnetic field. The acce) ted 
view of British physicists at the time was that the 
cathode ray particles were atoms, so that the energy 
given to them by the electrical field would be all 
used up in driving the particles through the residual 
gas present in the discharge tube. Working on this 
assumption, Schuster obtained a value of 2,000 for 
the ratio of the charge e to the mass m of the cathode 
particle, a value which is consistent with the cathode 
particle being a nitrogen atom. The experiments 
performed by Hertz, Lenard and Perrin during the 
next few years did not help to clarify the situation, 
but provided rather conflicting evidence. 

This was the baffling state of affairs when J. J. 
Thomson entered the lecture room of the Royal 
Institution on the evening of Friday, April 30, 1897, 
and delivered his now historic lecture on “Cathode 
Rays”. Quoting from Thomson’s lecture, Prof. 
Crowther showed how the results of Perrin’s and 
Lenard’s experiments were first carefully analysed 
by Thomson, leading him to the conclusion that 
“the size of the carriers must be small compared 
with the dimensions of ordinary atoms and mole. 
cules” ; and then, further, how Thomson startled 
his audience with the bold and revolutionary con- 
ception that the atom has a structure which could 
be explored. By the October of 1897, Thomson was 
in @ position to present, in the Philosophical Magazine, 
additional experimental evidence in support of his 
claims. This evidence included the now famous and 
elegant. measurement of e/m for cathode particles. 
Finally, at the British Association meeting in 1899, 
Thomson announced that he had measured both e/m 
and e for the corpuscles emitted by a zinc plate when 
illuminated with ultra-violet light, thus identifying 
them with the cathode ray particles. From then 
onwards, as Prof. Crowther so tastefully expressed 
it, “the electron was accepted as a respectable 
member of society”’. 

Prof. Peierls, who was introduced by Prof. G. I. 
Finch, president of the Physical Society, dealt with 
the effect which the electron, together with its 
associated fundamental particles, the positron, 
neutron, meson and neutrino, has had on the 
theoretical development of the laws governing the 
behaviour and structure of matter. The breakdown 
of classical mechanics led to the introduction of 
quantum theory and wave mechanics, with the 
consequent realization that the distinction between 
waves and corpuscles is not as fundamental as had 
been thought. In some respects the electron can 
behave as a wave, and in other respects as a corpuscle, 
particularly when it is moving slowly compared with 
the speed of light. The last remaining feature of the 
electron, its spin, was deduced by Uhlenbeck and 
Goudsmit from their work on atomic spectra. The 
consequences of these new laws have helped in the 
understanding of the structure of solids, the properties 
of metals and in particular the conduction of elec- 
tricity through metals, leaving perhaps only one 
outstanding unsolved problem, superconductivity. 
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J. J. Te~mson himself had noted that the mass of 
the electron increased with the speed, the first and 
the simplest proof of relativity. The incorporation 
of the relativity idea into the equations for the 
electron was done brilliantly by Dirac, and this not 
only reproduced all the known cases for slow-moving 
electrons, together with a gratuitous ‘spin’, but also 
introduced negative energy states predicting the 
existence of the positron, discovered somewhat later. 
Prof. Peierls, in conclusion, referred to the present- 
day difficulties, stating that the electron will not be 
completely understood until the reason for its com- 
paratively weak charge is known. 

Sir George Thomson was welcomed by Dr. V. Z. 
de Ferranti, president of the Institution of Electrical 
Engineers, who reminded the audience that Sir 
George was best known for his discovery of electron 
diffraction, in which the electron behaves as a wave, 
and which has had important industrial develop- 
ments. 

Two applications of electrons, their use for the 
study of the very small, and for the production of 
very high voltages, were considered by Sir George, 
in his lecture on the electron in research. Since 
electrons possess wave properties analogous to light, 
any optical instrument has an electron analogue. 
The two most important are the electron microscope, 
which follows its optical model very closely whether 
employing electrostatic or magnetic lenses, and the 
electron diffraction camera, where the electrons are 
diffracted by the regular arrangement of the atoms 
in a crystal, similar to light by a ruled grating. Dr. 
Raether’s work on the polishing of rock salt, in 
which the surface was examined both by electron 
diffraction and by the electron microscope, was 
described by Sir George, and slides shown of the 
results obtained to illustrate the use of electrons for 
the examination of the very small, and the comple- 
mentary nature of the two methods. 

Nuclear physics requires energies of not less than 
100 MeV., so that methods of producing high voltages 
are becoming increasingly important. Limiting 
attention to electrons, the Van de Graaff electro- 
static generator, the betatron, the synchrotron with 
its variant the microtron, and the linear accelerator 
are the more important machines for generating 
high-speed particles, and these were briefly explained 
by Sir George, who gave several interesting details of 
some of the generators now in use or under con- 
struction. The high-energy electrons, it was pointed 
out, are most often used to produce X-rays, of great 
value industrially for the examination of castings, 
etc., and medically for direct use in therapy. 

The applications of electrons in industry was the 
subject of the lecture by Dr. Allibone, who followed 
Sir George, and who was introduced by Dr. P. Good, 
president-elect of the Institution of Electrical 
Engineers. Dr. Allibone confined his remarks to the 

free electrons, that is, electrons separated from the 
atoms to which they are usually attached. He 
pointed out that Sir J. J. Thomson in 1895 and 
1897 dealt with free electrons, and that J. J. Thom- 
son’s modified Crookes tube was the forerunner of 
the present-day cathode ray tube, which industry 
has developed and is now producing at the rate of 
100,000 a year, rising very shortly to a million a 
year. Modern developments of cathode ray tubes 
have concentrated on improving the electron optics, 
and on increasing the energy, of the electron beam, 
in order to meet the desire of the engineer to 
examine electrical transients of very short duration. 


No. 4075 





NATURE 





777 


Dr. Allibone referred to several of the improvements 
that have been made, and to other applications of 
the cathode ray tube, in radar and projection tele- 
vision. He next reviewed thermionic emission, and 
the many different types of thermionic tubes, giving 
instances of their uses, particularly in induction and 
dielectric heating and in communication engineering. 
But J. J. Thomson’s observations were not confined 
to electrons liberated by thermionic emission. In 
1899, as Prof. Crowther mentioned earlier, he had 
measured e/m for electrons emitted by photo-electric 
emission from a zinc plate illuminated by ultra- 
violet light. Modern technique has now extended 
the photo-electric effect into the infra-red region, 
and the photo-electric cell finds its application in 
thousands of industrial processes. Dr. Allibone 
singled out for special mention the electron multi- 
plier, the television camera, and the war-time 
development of infra-red sensitive cells. Finally, he 
dealt with field emission, that is, electrons made free 
from a surface by the action of intense external 
electric fields, a phenomenon which J. J. Thomson 
never examined himself, but which is important in 
several branches of vacuum engineering. Dr. Allibone 
concluded his interesting talk, which he had illustrated 
by many slides, by showing a portion of the film of 
Sir J. J. Thomson, which the Institution of Electrical 
Engineering made some ten years ago, and which 
represents ‘J. J.’ in the affectionate manner which 
endeared him to all. 

The public lecture delivered by Sir Clifford Pater- 
son, who has the distinction of being a past president 
of both the Institute of Physics and of the Institution 
of Electrical Engineers, was naturally less academic 
than the four lectures delivered before the learned 
societies. The audience was entertained by an 
instructive series of experiments and demonstrations, 
in which they saw how the scientific worker and the 
engineer, armed with the knowledge provided by 
J.J. Thomson that electricity consists of an immense 
number of minute particles, the electrons, have 
devised means of liberating these electrons from 
solids, and then developed and used every kind of 
free electron agency and device. Forty years of 
development has resulted in a vast industry, ‘elec- 
tronic engineering’, engaged in the production of 
these numerous electric devices, which have changed 
and are indeed revolutionizing the life of the com- 
munity. Two electron liberator devices in particular, 
the radio valve, utilizing thermionic emission from a 
filament and controlling the electron stream by 
means of the other electrodes, and the photo-electric 
cell, which has a specially sensitized cold surface 
from which electrons are liberated by the action of 
light, were described by Sir Clifford. To illustrate 
the power of the tool that the physicist has put into 
the hands of the electrical engineer, a most con- 
vincing demonstration was given of the conversion 
of sound from a gramophone record into electrical 
impulses, then into light waves, back into electrical 
and mechanical waves to sound once more, with 
several intermediate stages of amplification. In the 
latter half of the lecture, electrons in relation to 
lighting was discussed. The progress made in gaseous 
discharge tubes for illumination purposes was 
elegantly demonstrated, as well as the improvement 
in the ordinary electric lamp. It is interesting to 
note in this connexion that if fluorescent lamps 
became universal, a saving of nearly two million 
tons of coal a year and two large generating stations 
the size of that at Battersea could be effected. 
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Although the celebrations were to mark the jubilee 
of the electron, everyone who listened to the lectures 
or sees the Exhibition is bound to be impressed by 
the still great youthfulness and vigour of the electron, 
for the potentialities of the new science of electronics 
are attracting to their study and exploitation such 
an amount of skill and enterprise that what has been 
accomplished can be regarded only as a beginning of 
the achievements of the liberated electron. 

S. WEINTROUB 


INTERNATIONAL STANDARDS 
AND UNITS OF RADIOACTIVITY 


HE first international radium standard was pre- 

pared by Mme. Curie in 1911; it consisted of 
21-99 mgm. of purest radium chloride. By comparing 
its radiation with those from other radium sources, 
the latter could be measured and their radium con- 
tents expressed in grams. For the measurement of 
radon, grams (or cubic centimetres) of this gas are 
impracticable as units, and it was therefore decided 
to use as unit of radon the quantity which is in 
radioactive equilibrium with 1 gm. of radium; it 
was called a ‘curie’. Standards for radon measure- 
ments were prepared in the form of solutions of 
radium salts. 

Since the comparison of radioactive sources with 
the standards always involved measurements of 
ionization currents, or of the number of disintegra- 
tions per unit of time, and as especially the latter 
figure could be determined with much higher accuracy 
than the weight of the radium preparation, it became 
customary to base the curie directly on the number 
of alpha-particles emitted. According to the best 
measurements, 1 gm. of radium and, naturally, also 
the radon in equilibrium with this quantity, emits 
per second 3-7 x 10° alpha-particles; in recent 
practice, unknown radioactive sources were measured 
in curies by comparing their particle emission with 
this figure. Thus the curie became the unit in which 
the strength not only of members of the radium 
family, but also of any radioactive source, could be 
expressed. 

This important change in the principle of radio- 
active measurements and in the definition of the 
curie was never Officially sanctioned, because the 
International Radium Standard Commission which 
was responsible for the early conventions on radio- 
active standards and units has for a long time not 
been able to function satisfactorily. To remedy this 
situation, the proposal was made by E. U. Condon 
and L. F. Curtiss (Rev. Sci. Instr., 17, 249; 1946) to 
introduce as a new unit the activity of 10° disintegra- 
tions per second, and to call it a ‘rutherford’. 

It is obvious that an international agreement is 
imperative, whether the ‘curie’ in its original or in 
its modified form, or the new unit, the ‘rutherford’, 
should be used. The International Congress of 
Chemistry recently held in London offered to a number 
of workers in radioactivity from various countries 
an opportunity to discuss this question among them- 
selves. Under the chairmanship of Prof. F. Joliot- 
Curie (Paris), on July 19, a meeting was held by Ellen 
Gleditsch (Oslo), G. de Hevesy (Stockholm), Irene 
Joliot-Curie (Paris), C. Jacobsen (Copenhagen), 


W. A. Noyes, jun. (Rochester), F. A. Paneth (Durham) 
and G. J. Sizoo (Amsterdam) ; and after an exchange 
of views they decided to make the following recom- 
mendation. 
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A new committee on radioactive standards and 
units, comprising mainly representatives of the 
International Union of Chemistry and of the Ih ter. 
national Union of Physics, should be formed ; but 





all the surviving members of the old Internat naj 
Radium Standard Commission should be invited to 
join them. As representatives of the Internat ona) 


Union of Chemistry the names of E. Gleditsch, (:. de 
Hevesy, Warren C. Johnson, F. Joliot-Curie, |. A. 
Paneth and G. T. Seaborg were suggested ; as repre. 
sentatives of the International Union of Physics those 
of L. F. Curtiss, Sir Charles Darwin, R. B. Evans, 
C. Jacobsen, Irene Joliot-Curie and G. J. Sizoo. 

Those present at the meeting were unanimously in 
favour of preserving the name of ‘curie’ as the unit 
of radioactivity, but to define it now officially as the 
quantity of a radio-element which undergoes 3-700 » 
10'° radioactive transformations per second. ‘The 
final decision, however, will have to await the 
recommendations of an international committee on 
radioactive standards, the formation of which was 
advocated. 


QUANTITATIVE ASPECTS OF FREE 
RADICAL CHEMISTRY 


By Pror. H. W. MELVILLE, F.R.S. 
University of Aberdeen 


HE Faraday Society held a two-day meeting in 

Oxford during September 23-25 to discuss ‘“The 
Labile Molecule”, or the quantitative aspects of free 
radical chemistry. The nature of the discussion 
seemed commonplace enough, and the tremendous 
activity in this field of chemistry is almost taken for 
granted. If we neglect the war years—and that is 
not quite justified—the subject seems to have grown 
up in about five scientific years, from a rather tenta- 
tive qualitative notion to a subject of considerable 
precision requiring for its practice a wide variety of 
advanced techniques. 

The attempts to unravel the mechanism of chemical 
reactions, the mechanism of which does not involve 
ions, is really the story of the development of the 
kinetics of homogeneous reactions. Many reactions, 
and especially those involving halogens, are known 
to involve free atoms as essential intermediates. 
These are, in fact, the activated ‘molecules’ in the old 
Arrhenius sense. But the idea that free organic 
radicals could function in a similar way, though 
possible in principle, came at a much later stage. 
The preparation of simple aliphatic radicals by the 
thermal decomposition of metallic alkyls, and later 
of a large number of simple organic molecules, pro- 
vided the idea that radicals might play a part in the 
therma! decomposition of molecules the spontaneous 
decomposition of which was regarded as occurring 
simply by fission into simpler molecules but not 
radicals. Similarly, a great deal of work on the 
photochemical decomposition of compounds like the 
simpler aliphatic ketones could only be satisfactorily 
explained if it were assumed that the first step in the 
reaction consisted in the fission of a carbon — carbon 
bond with the production of two free radicals. Such 
experiments, however, gave little quantitative in- 
formation about the reactivity of the radicals pro- 
duced, for the simple reason that the radicals mostly 
recombined, and therefore the velocity of decom- 
position was fixed by the initial rate of decomposition 
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of the ketone. The kind of information that is now 
required about the behaviour of radicals is much 
more comprehensive, for it is a relatively easy 
matter to find whether radicals are involved in a 
reaction; and often the chemistry of the reaction is 
simple enough for the precise nature of the radical 
to be specified. There are at least four distinct types 
of radical processes about which quantitative in- 
formation is required. (a) The rate of radical pro- 
duction by thermal activation, by thermal decom- 
position of relatively unstable substances such as 
peroxides and azo compounds and by photo- 
decomposition of molecules. (6) The interaction of 
radicals with saturated molecules, in which usually 
an atom is removed, genwrating thereby another 
kind of radical the reactivity. of which may differ 
markedly from that of the original radical. (c) The 
interaction of radicals with unsaturated molecules in 
which the radical adds on to the double bond, 
producing in this way a larger radical again of a 
differentactivity from that of the original. (d) The 
interaction of radicals with each other or with other 
radicals present. Such a process is the only way in 
which the radical is finally removed from the system. 

This general list of collision types comprises the 
essential steps in all radical reactions, no matter 
whether the overall effect is the oxidation of hydro- 
carbons, the polymerization of vinyl compounds, the 
addition of carbon tetrachloride to olefins, or the 
addition of hydrogen bromide to double bonds 
between carbon atoms. It is with this more general 
aspect of free radical chemistry in mind that the 
discussion took place, and in particular the emphasis 
was laid on the absolute magnitude of the velocity 
coefficients of the above-mentioned reactions. This 
quantitative approach raises at once two matters. 
First, it is necessary to devise methods of measuring 
velocity coefficients, which implies a kinetic analysis 
of reaction mechanism with a degree of unambiguity 
and precision which is not easily attained. Secondly, 
the provision of data of this kind gives the theoretical 
chemist great opportunity to attempt further to 
correlate reactivity and chemical structure for free 
radical reactions. 

For convenience, the discussion was broken up 
into the following constituent parts, each of which 
has contributed much to our understanding of free 
radical reactions: (a) a theoretical part dealing with 
the calculation of the structure, energies and reactivity 
of free radicals; (6) radical reactions in the gas and 
liquid phases; (c) oxidation reactions; (d) poly- 
merization reactions. Although the existence and 
behaviour of free radicals was first studied in the 
gas phase, the predominant interest appears to have 
shifted to the liquid phase, where the variety of 
effects is naturally much greater. Fortunately, it 
appears that the complications that might arise in 
working in a condensed system are not quite so 
serious as were first imagined. 

In spite of a great deal of experimental work, the 
reactions of gaseous simple hydrocarbons with free 
radicals derived from them are still somewhat 
obscure, and much effort is still required before even 
qualitative data can be reliably obtained. For 
example, there is only now fairly general agreement 
about the energy of activation for the CH, + H, > 
CH, + H reaction, namely, between 7 and 9 k.cal., 
the temperature-independent factor not being par- 
ticularly small. Besides monoradicals, great interest 
is attached to the behaviour of diradicals, both in 
hydrocarbon chemistry and in polymerization 
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reactions. The methylene radical can be produced 
either by the photodecomposition of keten or by the 
action of sodium vapour on methylene bromide. In 
the former case, the CH, molecule attacks metallic 
mirrors with vigour, and it must be presumed that 
it acts as a diradical and not as a stable molecule 
CH,. Yet when produced under the conditions 
obtaining in a sodium ‘flame’, the radical does not 
apparently dimerize to ethylene but undergoes a 
variety of other reactions. Another very interesting 
way in which aliphatic free radicals can be formed 
at low temperatures is by the thermal decomposition 
of silver methyl and silver ethyl, in the range — 60° 


to — 20° C. With ethyl radicals both combination 
and disproportionation occur even at these low 
temperatures. 


Oxidation of hydrocarbons to hydroperoxides is 
now well recognized to occur by a mechanism 
involving R- and ROO-radicals. Even the OH 
radicals produced by the interaction of Fet+* and 
hydrogen peroxide will provide the necessary stimulus 
for initiating oxidations of this type. Further, it is 
now becoming clear that the action of retarders in 
such oxidations involves the attack of the retarder 
by the ROO— radical. By the use of hydroquinones 
and similar compounds as retarders, it has been 
shown there is a quantitative relationship between 
the logarithm of the velocity coefficient and the 
oxidation-reduction potential of the hydroquinone — 
quinone system. In the hydrogen-—oxygen reaction, 
the radical corresponding to RO, is HO,, the existence 
of which seems essential to the formulation of a 
satisfactory scheme of reaction. Similarly, a theor- 
etical investigation confirms the stability of this 
radical, though no direct evidence is as yet forth- 
coming. Spectroscopic examination of flames 
provides conclusive proof of the existence of radicals, 
BrO and CBr being recent additions to the list. The 
difficulty, as always, is to determine whether such 
radicals exist under conditions where flame propa- 
gation is absent. The CHO radical can be identified 
in flame, and now its presence has been detected in 
photodecomposing formaldehyde by exciting it to 
fluorescence in the ultra-violet region of the spectrum. 

The advances that have been made in studying the 
polymerization of vinyl compounds have provided 
more information about free radical processes than 
any other type of reaction. It is now so firmly 
established that these chain processes occur through 
the intermediary of free radicals that it almost 
becomes possible to use polymerization reactions as 
@ suitable tool to study free radical reactions. Here, 
fortunately, there is no doubt about the general 
nature of the free radical, for it is either derived by 
the opening out of the double bond to form a 
diradical or by the attachment of a separately pro- 
duced monoradical R— to the double bond: R + 
CH, = CHX — R.CH,.CHX. One very common 
method of producing R— radicals is from the decom- 
position of peroxides of the type (R.COOQO),, the 
radical RCOO being first formed and carbon dioxide 
eliminated before RCOO attacks the double bond. 
Other radical-producing substances are badly needed, 
and now it is reported that N-nitrosoacylarylamines 
will function in a similar fashion. For example, 
N-nitroso acetanilide will break up with the forma- 
tion of a phenyl and acetate radical and the elimina- 
tion of a molecule of nitrogen. While it is of great 
importance to measure the rate of production of 
radicals in polymerization, the most important step 
is the interaction of the radical derived from the 
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monomer, namely, R CH, — CHX with another 
monomer molecule to form a still larger radical—the 
all-important growth-step. 

In order to compute the velocity coefficient from 
the rate at which monomer disappears, it is necessary 
to know the stationary concentration of the free 
radicals. Fortunately, this can now be done, since 
we know the rate of production of radicals and the 
time required for the concentration to fall to half its 
value when the source of activation is removed, either 
by the use of intermittent radiation when the life is 
short, or by direct observation of the decay of the 
rate of polymerization when the life is long. Unfor- 
tunately, the results are confined to vinyl acetate, 
methyl! methacrylate and styrene at present ; hence 
it is a little too early to see how structure affects 
reactivity. In the meantime, information has been 
obtained in a somewhat less direct manner. By 
studying the copolymerization of two monomers A 
and B, and analysing the composition of the co- 
polymer formed during the reaction, starting with 
known concentrations of A and of B, it is possible 
to calculate the value of two factors, namely, the 
ratio of the rates of reaction of A and of B with a 
B-radical, and the ratio of the rates of reaction of 
A and of B with an A-radical. Therefore, A may be 
kept fixed and the nature of B altered by changing 
the nature of the substituent X of the vinyl com- 
pound CH, = CHX. In this way it is possible to 
get a whole series of monomer reactivity ratios 
which give relative values for the growth steps in 
polymerization. 

This material has provided the data for tentative 
theories of reactivity. As a first approximation, it 
may be supposed that there can be ascribed a 
potential reactivity of the free radical and also of 
the monomer which is going to be attacked. It has 
been suggested that the magnitude of the electric 
change on the group X will play a predominant part 
in effecting radical - molecule interaction, and there 
is some evidence to support almost a purely electro- 
static approach to the theory. On the other hand, 
there is another school of thought which argues in 
rather a diferent way; basing relative reactivity on 
the relative values of the resonance energy of the 
radicalsmonomer system before, during and after 
interaction. Qualitatively, it is possible to go some 
way with such theories, and most important of all 
to incorporate radical—monomer reactivity in the 
more general theory of the effect of the character of 
substituents in the reactivity of neighbouring groups. 
There is, however, a long way to go before any 
attempt is made to compute the absolute value of 
velocity coefficients. Indeed, it is only fair to say 
that in nearly all cases the temperature-independent 
and temperature-dependent factors have not yet 
been separately determined, and the theory is wholly 
based on the values of velocity coefficients determ 
ined at one temperature. 

When polymerization is carried out in solution, it 
often happens that the polymer radicals attack the 
solvent molecule, removing an atom, regenerating 
another radical which reacts with further molecules 
of monomer. Thus the kinetic chain is continued, 
but the continuity of the polymer chain is broken in 
this so-called transfer reaction. By observing the 
influence of solvent on the degree of polymeriza- 
tion of the polymer, it is possible to compare the 


relative activities of the radical attacking the 


monomer on one hand and the solvent on the other. 
Absolute values of the radical—solvent interaction can 


NATURE 











December 6, 1947 Vol. 1: 


then at once be obtained if the growth coefficien: js 
known. Polymer reactions thereby provide a \ory 
convenient and sensitive means of studying a great 
variety of reactions. For example, when the solvent 
is hydrocarbon the dominant factor that seems to 
govern the reactivity is the bond-strength of the 
weakest C—H bond. Further, if the hydrocar!jon 


radical so produced is stabilized by possessing a |:rge 
resonance energy, it may not reaét with the monon ier, 
and so the kinetic chain comes to a stop. he 


solvent then acts as a retarder for polymerization 
and the molecular weight of the polymer is cut down. 
There is therefore little formal difference betwen 
transfer and retardation. 

Degradation of vinyl polymers presents 
interesting information on radical reactivity. [n 
some cases it would appear that the mechanism of 
degradation is really like polymerization in rev: 


also 


If it should happen that thermal fission of a 
polymer occurs into two free radicals—a relatively 
difficult process because C—C bonds have to he 


broken—these radicals are rather unstable in 
sense that not much energy, for example, 16 k.cal., 
is required to remove monomer units. Such radicals 
are therefore very easily removed from the syst 
Like the building up of polymers by chain processes, 
this degradation can likewise be materially diminished 
by adding substances that will stabilize the radicals 
and prevent further degradation. 


PLANT TUMOURS AND ANIMAL 
CANCER 


By R. S. de ROPP 
New York Botanical Garden 


HE discovery by Smith and Townsend' that 

crown-gall disease of plants was caused by a 
bacterium (Phytomonas tumefaciens) aroused con 
siderable interest among students of cancer. The 
view that animal cancer was of bacterial origin was 
vigorously put forward by Smith, who published 
several papers emphasizing the resemblance of plant 
galls produced by Ph. tumefaciens and to cancerous 
neoplasms. He distinguished several different types 
of plant tumours which he compared to sarcomas, 
carcinomas and teratomas. Secondary tumours 
which sometimes formed on infected plants at points 
remote from the original tumours were compared by 
Smith to the metastases observed in animal cancer. 
Smith was convinced that the galls produced by P/. 
tumefaciens always contained the bacteria within 
their cells. As investigators of animal cancer failed 
to isolate any bacterium which could be definitely 
associated with the formation of cancer, interest in 
Smith’s views tended to decrease. 

In 1918 a paper was published by C. O. Jensen’ 
which gave the first indications that tumours in‘tiated 
by Ph. tumefaciens might continue to grow as tumours 
in the absence of the bacteria. Jensen worked with 
mangolds and sugar beets and succeeded in grafting 
tumour tissue from these plants on to normal roots. 
Many of these grafts took, and the tumour tissue 
continued to grow as a tumour. From all such 
transplanted tumours Jensen found that the original 
crown-gall bacteria had disappeared. 

The importance of these findings was overlooked 
until Braun and White* began their studies on the 
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secondary tumours which develop on certain plants 
after inoculation with Ph. tumefaciens. 
secondary tumours were first described by Smith, 
who considered them to result from strands of 
tumour tissue which, carrying the bacteria within 
their cells, grew through the stems of infected plants 
and produced secondary or metastatic tumours. It 
was shown by Braun and White that such secondary 
tumours on sunflower are usually free from bacteria. 
By the application of tissue culture methods to this 
material, these workers were able to demonstrate that 
tissues removed from secondary tumours on Helian- 
thus annuus will grow readily on a simple medium 


containing mineral nutrients, 2 per cent glucose, 
thiamine and glycine. White and Braun‘ also 
showed that normal sunflower tissue and tissue 
removed from tumours induced with indole-oxalo- 


acetic acid grew much more slowly in culture and 
tended to differentiate roots and to form chlorophyll, 
which did not occur in the tumour tissue. The 
tumour tissue continued to proliferate abnormally 
when grafted in vivo on to stems of Helianthus annuus 
or Helianthus tuberosus. Bacteria-free tumour tissue 
capable of unlimited growth in vitro was also isolated 
from Vinca rosea (periwinkle) by White’ and from 
primary, as opposed to secondary, tumours on 
sunflower by de Ropp*. 

Early in the study of crown-gall it was realized 
that galls would form only when bacteria encountered 
wounded tissue. Hildebrandt’ showed that a single 
organism was sufficient to produce a gall when 
introduced into a needle puncture wound; but 
crown-gall organisms introduced directly into living 
cells of tomato stems ‘‘failed to induce gall formation 
and ordinarily failed to inside the cells, 
indicating that the living cell interior is an unfavor- 
able medium for these bacteria”. Afterwards it was 
shown by Braun* that wounded plant tissue may be 
rendered tumorous by the crown-gall organism in as 
little as 36-48 hours. He obtained this information 
by treating wounded stems of Vinca with 
crown-gall bacteria and afterwards freeing them from 
the bacteria by heat. Tumour tissue developed at 
the site of these wounds even though the bacteria 
causing tumefaction had been eliminated. Following 
earlier work of Riker’, Braun'’ also showed that 
tumour formation in wounded periwinkle tissue was 
inhibited at 32°C. even though virulent crown-gall 
organisms were present in the wounds. Some further 
light was thrown on the mechanism of tumour 
induction by work of Braun and Laskaris™, who 
showed that tomato plants inoculated with a strain of 
Ph. tumefaciens which had lost its capacity to induce 
tumours would respond with tumour formation if 
treated with indole acetic acid. They concluded that 
1 tumefacient factor and a growth hormone were both 
involved in tumour formation. 

The sensitivity to hormones of bacteria-free crown- 
gall tumour tissue as compared with normal tissue 
was studied by de Ropp"™, who showed that, although 
normal tissue would respond with root formation to 
one part per 100,000,000 of indole acetic acid, tumour 
tissue was not affected by this substance. He 
attributed this lack of response to an excess of 
growth hormone present in the tumour tissue. The 
presence of an excess of growth hormone in plant 
tumour tissue was also indicated by studies of Brown", 
tiker', and others, who showed that plants infected 
with crown-gall frequently produced adventitious 
roots from normal plant tissues in the region of the 
gall. Attempts by Riker'' to demonstrate differences 
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in auxin concentration between normal and tumour 
tissue by means of the Avena coleoptile test were not 
successful, 

Experiments on the interaction of normal and 
tumour tissue were performed by de Ropp"’, using the 
method of in vitro grafts. It was shown that ‘induced 
tumours’ frequently developed in these grafts which 
appeared to arise not from the tumour tissue but from 
the normal stem tissue to which it had been grafted. 
The induced tumours differed from the inducing 
tumour tissue in morphological characteristics but 
proved capable of inducing tumours when grafted to 
normal tissue. To account for the formation of these 
induced tumours, a tumefacient agent was postulated 
having the property of a virus or a self-perpetuating 
cytoplasmic entity such as has been suggested by 
Darlington and Haddow. If a virus is responsible for 
the formation of induced tumours, it is probably of 
the type transmissible only by grafting, as extracts of 
tumour tissue are without effect on normal tissue 
(White and Braun‘; de Ropp'*). The existence of 
such a bacteria-borne tumefacient factor has still not 
been conclusively demonstrated. 

A comparative cytological study of crown-gall 
tissue and various forms of cancer tissue was made 
by Levine!’, who observed giant cells in the gall tissue, 
the nuclei of which were sometimes in the tetraploid 
or octoploid condition. 

Two other forms of plant tumour are of interest to 
students of cancer, namely, the virus wound tumour 
of Black"*, and the Nicotiana hybrid tumour of 
Kostoff?*. Susceptible plants can be affected with 
the wound tumour virus either through the agency of 
agallian leaf hoppers or by being grafted to infected 
plants. Infection is systemic and symptoms include 
enlargement of the veins as well as the formation of 
tumours on roots and stems in many species of 
infected plants. Most of these tumours appear to 
arise at points where root or stem has been wounded. 
Black®® showed that the tumour tissue from sorrel 
could be cultured for as long as twenty months on an 
artificial medium without the production of roots, 
stems or leaves. On being grafted back to healthy 
plants, tissues from these cultures induced a systemic 
infection in the stocks, showing that the virus was still 
present. Such a tumour-producing virus has obvious 
resemblances to entities such as the Rous sarcoma 
virus or the Bittner milk factor. 

The tumours which arise on hybrids of Nicotiana 
Langsdorfii and N. glauca were described by Kostoff 
and later studied by Whitaker’. Such tumours 
develop only in hybrids in which N. Langsdorfii is 
used as the pollen parent. The tumour tissue was 
cultured in vitro by White**, who showed that it 
would continue to grow as a tumour when grafted 
back on to normal plants. He showed also that this 
tumour tissue was capable of differentiating organs 
in vitro, in which respect it differs from crown-gall 
tissue and virus wound-tumour tissue. 

Clearly, the three forms of plant tumours here 
described have certain properties in common with 
those neoplasms in animals which are collectively 
referred to as cancers. The resemblance is closest in 
bacteria-free crown-gall tissue and Black’s virus- 
tumour tissue. Nicotiana hybrid tissue seems more 
nearly normal in its behaviour, having the capacity 
to differentiate organs which the other tumour tissues 
appear to have lost. It is interesting to note that gall 
formation by Ph. tumefaciens and Black’s virus seem 
always to be associated with wounding, suggesting 
that a hormone mechanism is involved. In Nicotiana 
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hybrid tumours the abnormal growth results, accord- 
ing to Whitaker, from a cytoplasmic disturbance 
occasioned by the introduction of the chromosome 
complement of N. Langsdorfit into the cytoplasm of 
N. glauca. Thus, the work on plant tumours has 
brought to light three factors— virus, hormone and 
genetic—which may act singly or in combination to 
produce pathological growth. This trio of etiological 
agents is already familiar to students of animal cancer. 
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NEWS and VIEWS 


Royal Society: Anniversary Meeting 


In the course of his anniversary address, delivered 
on December 1, to the Royal Society, the president, 
Sir Robert Robinson, referred to the fact that, as 
“a privileged body’’, the Society, represented by the 
president, vice-presidents, and officers, attended at 
Buckingham Palace to present an address on the 
occasion of the marriage of Princess Elizabeth to 
Lieut. Philip Mountbatten; the King replied, 
referring to the intimate association for so many 
years between the Royal Society and the Crown. 

Sir Robert also read the following telegram, sent 
by the Council of the Royal Society to Sir Charles 
Sherrington on the occasion of his ninetieth birthday 
on November 27 : , 


“The Royal Society sends you its greetings and 
good wishes for your birthday. We think of our 
former President with especial pride and affection— 
we are proud of your scientific achievement, of the 
fresh light you have thrown on the hidden dealings 
of the nervous system, of the many pupils you have 
inspired and of the originality and distinction which 
has informed your scientific writing. We are proud 
of the philosopher who has first learnt the wisdom 
of the body and of the poet who can touch the springs 
of the mind. But on this birthday we think not so 
much of the great scientist as of the well-loved friend 
of many years who has won universal esteem by his 
kindness and generosity and by the courage and pur- 
pose of his life. You have set us an example for 
which we thank you, and we wish you all the happi- 
ness which you have so well deserved.” 


Referring to scientific events of the past year, Sir 
Robert said the most interesting development in the 
relations between science and administration during 
the past year was the formation of the Defence 
Research Policy Committee and the Advisory Council 
on Scientific Policy. The two bodies are intended 
to provide for scientific consultation at the highest 
level in government. It has been feared, however, 
that this may lead to infringe:»ent of the freedom 
of research by some form of plar.ing or control. Sir 
Robert thinks that, apart from what he termed ‘“‘the 
subtle effects of selective encouragement”, there is 
little danger on that score; for he feels sure the 
present Government realizes the importance of 
untrammelled scientific research and its free develop- 


ment. It has also been objected that the Royal 
Society is no longer, as in the past, to have direct 
contact and collaboration with ministers and Govern. 
ment Departments. Sir Robert said in comment on 
this point that the Royal Society has surrendered 
none of its power to take the initiative or its tradi- 
tional privilege of access to authority. The new 
developments have been the inevitable outcome of 
the enormous extension of Government interest in 
scientific work of all kinds, making the creation of 
@ permanent liaison organisation with full-time staff 
a necessity. The Royal Society took the initiative 
during the past year in an investigation of the delays 
occurring in the publication of scientific papers. In 
the case of the Society’s own publications, the time 
between the receipt of a paper and its publication is 
now about twice that occurring in 1938. Many 
scientific societies are probably in worse case. A 
major cause of this delay appears to be a shortage 
of skilled compositors ; the Minister of Labour and 
National Service has intervened in the matter and 
improvement is hoped for. Sir Robert also stated 
that discussions for improved accommodation for 
scientific societies had continued. No agreed scheme 
of co-operation was available, so a committee has 
been formed to explore the problem in detail and to 
prepare alternative plans. Sir Robert’s scientific 
theme was “An Essay in Correlation arising from 
Alkaloid Chemistry”; it is hoped to print this 
shortly, and also the remarks made during the 
presentation of the medals for 1947. 

Dr. D. C. Martin, formerly of the Chemical Society, 
took up the appointment of assistant secretary of the 
Royal Society on January 1, 1947. 


Officers for 1948 


At the anniversary meeting of the Royal Society 
held on December 1, the following were elected as 
officers and council for the ensuing year: President, 
Sir Robert Robinson ; Treasurer, Sir Thomas Merton ; 
Secretaries, Sir Alfred Egerton and Sir Edward 
Salisbury ; Foreign Secretary, Prof. E. D. Adrian ; 
Other Members of Council, Prof. J. D. Bernal, Prof. 
W. Brown, Prof. 8. Chapman, Prof. A. C. Chibnall, 
Prof. C. A. Lovatt Evans, Prof. W. E. Garner, Prof. 
A. C. Hardy, Sir Norman Haworth, Prof. H. D. Kay, 
Dr. C. H. Kellaway, Prof. M. L. E. Oliphant, Dr. 
C. F. A. Pantin, Prof. H. H. Read, Dr. A. E. Trueman, 
Mr. B. N. Wallis and Dr. J. H. C. Whitehead. 
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Robert Liston (1794-1847) 


Rosert Liston, who died in his prime of an aortic 
aneurysm on December 7, 1847, is chiefly remembered 


as the first surgeon in Europe to operate under ether 
anesthesia. He remarked at the time: “This Yankee 
dodge beats mesmerism hollow’’. He was not a good 
writer or speaker, and he contributed little to the 
science of surgery, but he was unsurpassed as a 


lightning and dexterous operator, whose methods of 
crushing stone and amputating thighs were the envy 
and despair of other surgeons. Educated at the 
University of Edinburgh, he became assistant to 
John Barclay, the anatomist. In London he worked 
under the two Blizards and attended Abernethy’s 
lectures. Quarrelling with the authorities, he was 
expelled from the Edinburgh Royal Infirmary, but 
was reinstated as surgeon five years later. In 1834 
he was elected surgeon to the newly founded hospital 
attached to the University of London. Six feet 
two inches in height, Liston was a man of fabulous 
strength, whose brusque voice was known to strike 
terror in the hearts of students and patients. His 
publications include ““The Elements of Surgery”’, 
1831-32, and “Practical Surgery’. 1837. Liston is 
eponymously commemorated through ‘Liston’s long 
splint’, which remained popular well into this century, 
and through ‘Liston’s bone forceps’, which are still 
in common use. 


Science in Post-Primary Education 


Ir is encouraging to see that the Association of 
Women Science Teachers is fulfilling its aim of pro- 
ducing a series of reports on science in post-primary 
education. Whereas Parts 1 and 2 of this series dealt 
more with the principles of this education, their 
application to grammar school pupils of 11-18 years, 
and reference to subsequent training in universities 
and colleges, the third part of the report just pub- 
lished has been written in response to requests for 
advice on science syllabuses to those planning 
courses in the secondary modern schools (Science in 
Post-Primary Education. Third Part of the Report 
of a Sub-Committee of the Association of Women 
Science Teachers. Work in Secondary Modern 
Schools. John Murray, London). Recognizing that 
a suitably planned science course should be part 
of every child’s work at the secondary stags, the 
Association of Women Science Teachers now presents 
specimen syllabuses for the age group 11-13 years 
for use in schools working under different conditions. 
The syllabuses are drawn up in various ways with 
the intention of avoiding uniformity and of offering 
suggestions for different methods of approach; the 
basic content of each has been tested by teachers in 
secondary modern schools. They are suitable for: a 
town school with laboratory and children of average 
ability ; a similar school with children of below- 
average ability ; a rural! school with no laboratory 
and children of average ability; a similar school 
with children of below-average ability. A perusal of 
these syllabuses will show that the compilers recognize 
that the interests of the children should form the 
starting point for the study of scientific problems 
and that the study of plenty of examples and appli- 
cations should come before principles are given, many 
difficulties in the past having arisen by the imposition 
of deductive thinking on those for whom it is unsuit- 
able. It is hoped, therefore, that those teachers 
introducing the study of science as elementary 
general science into the new secondary schools will 
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find these syllabuses useful. The compilation of 
syllabuses for the age group 13-15 years is contem- 
plated, should there be a demand for them. 


Physical Society of Wurttemberg and Baden 


THE Physical Society of Wiirttemberg and Baden 
recently held its first post-war meeting in Stuttgart ; 
the meeting was convened by Prof. Erich Regener, 
known for his pioneer work on cosmic rays. The 
meeting, which lasted two days and was attended 
by some two hundred members, approved a signific- 
ant alteration in the Society’s statutes. Instead of 
stressing as before the purely scientific purposes of 
the Society, paragraph 2 now runs as follows: 
“The fact that the knowledge gained in physics 
increasingly influences the mental attitude of man- 
kind and penetrates into all domains of human 
activity, imposes upon the Physical Society the 
obligation of keeping alive in scientific workers a 
sense of sharing the responsibility in the shaping 
of human life. The Society shall stand for the free- 
dom, the truth and the dignity of science.”” In a 
report explaining this change, Prof. Regener points 
out how the trend towards de-personalization of the 
whole world-picture even manifested itself in the 
description of results (compare the frequent use of 
such phrases as “it has been observed’’, “computation 
shows”. . .), and how physicists often disregarded 
all practical applications of their science, except as 
@ means to make better experiments. After the ex- 
perience of recent years (atom bomb, etc.), the 
physicist can no longer be ‘disinterested’ in the con- 
sequences of his work without injuring both his 
science and himself. ‘‘Physics—and the attitude of 
physicists—stands to-day at the focus of public 
interest. The only possible attitude for us is to 
declare as valuable nothing but what serves the 
welfare of mankind, and to discard anything opposed 
to it.” 


Over-population as a World Problem 


Sm Joun MeEcGaw’s experiences in India have 
impressed on his mind the need for a sustained effort 
to replace the natural checks on population, such as 
disease, famine and war, by arrangements that will 
involve less suffering and less inefficiency of the 
survivors (Occasional Papers, No. 1. British Social 
Hygiene Council, London. 6d.). He is deeply 
appreciative of Malthus, whom he defends against 
some current misjudgments. He shows that the 
efforts to raise standards of living above misery in 
Porto Rico, and in India, have largely failed because 
the birth-rate, or rather the survival-rate of infants, 
in several cases has gone up. In Porto Rico pro- 
duction of sugar in 1928 was nine times that of 1899, 
and in the same period literacy went up from 15 to 
60 per cent of the population. Yet, under-feeding 
and general misery remain characteristic, with a 
birth-rate still of 40 per thousand but a death-rate 
reduced from 27-1 to about 20-6. The population in 
1940 was nearly 1,900,000 and is now more than 
2,000,000 on 3,423 square miles. The future of such 
@ community is full of problems unless the birth-rate 
declines. India’s increase of nearly 5,000,000 a year 
is even more formidable, because the problem is on 
such a large scale. The bibliography at the end of 
the pamphlet is not a very good one. Prof. A. V. 
Hill contributes a useful preface to the pamphlet 
and hopes that education carried far beyond mere 
literacy may help. 
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Indian Association for the Cultivation of Science 

THE annual report of the Indian Association for the 
Cultivation of Science, Calcutta, for the year 1946 
includes the report of the managing committee, to 
which are appended the accounts, lists of papers 
published in 1946, of books added to the library and 
periodicals received through exchange, and of office 
bearers and members of the Committee of Manage- 
ment and the report of the Mahendra Lal Sircar 
professor on the scientific work of the Association. 
M. N. Datta’s further study of the sharp type of 
extra spots in the extra reflexions of X-rays from 
phloroglucinol dihydrate has given strong support to 
the theory of the origin of these two types of extra 
reflexions advanced in earlier reports, and studies of 
the effect of high temperature on the phenomenon 
yield further support to the view that the extra spots 
do not originate from thermal oscillations or crystal 
defects. R.K. Sen continued his studies on the extra 
reflexions due to planar derangement waves in 
benzil and has also studied the diffuse extra spots of 
thermal origin with pyrene. B.S. Basak has extended 
intensity measurements of the reflexions from benzil 
to a large number of planes, including even weak 
planes, to improve upon the Fourier projections of this 
crystal. With A. K. Raichowdhury, he has also set up 
a suitable X-ray tube for studies on the structure and 
phase diagrams of alloys of beryllium and aluminium, 
and beryllium and copper. B. K. Banerjee has 
continued X-ray investigations of glass systems, 
including dispersions of platinum in Lindemann glass 
and of cobalt, nickel, copper and chromium oxides in 
borax glass. X-ray studies of Indian coal have been 
made by N. N. Gupta, and A. K. Datta’s studies of 
the electrical conductivities of well-developed single 
crystals of molybdenite indicate that the conductivity 
at higher temperatures is predominantly electronic. 
The absorption and fluorescent spectra of anthracene, 
perylene, phenanthrene, naphthacene and pyrene in 
different solvents have been investigated by S. G. 
Ganguly in an attempt to determine the cause of the 
variations in spectral distribution of the fluorescent 
light with the solvent used. 


International Society for Cell Biology 

BEFrorE the War, international congresses on 
experimental cytology were organised by the Inter- 
national Society for Experimental Cytology. The 
International Cytological Congress held at Stockholm 
during July last was held under the auspices of a 
truncated committee of the International Society. At 
this Congress the old Society was dissolved, and a 
new Society, the Society for Cell Biology, was founded. 
The new Society will be responsible for future inter- 
national cytological congresses. It is a member of 
the International Union of Biological Sciences. At 
Stockholm the following officers and committee were 
elected : President, Prof. J. Runnstrém (Sweden) ; 
Vice-Presidents, Dr. E. Fauré-Fremiet (France), Prof. 
E. Newton Harvey (United States), and Dr. G. Levi 
(Italy) ; Secretary and Treasurer, Dr. J. F. Danielli 
(Great Britain); Committee, Prof. T. Caspersson 
(Sweden), Dr. Honor B. Fell (Great Britain), Prof. A. 
Frey-Wyssling (Switzerland), Prof. G. C. Heringa 
(Holland), Prof. H. Okkels (Denmark) and Prof. Paul 
Weiss (United States). Many of these officers and 
committee members held office in the old International 
Society for Experimental Cytology, and Prof. Okkels 
was its secretary. An invitation has been received 


asking the new Society to hold the next Cytological 
Congress in the United States. 
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Election to membership of the new Society for 
Cell Biology will normally be based on original con. 
tributions to knowledge in experimental cytology 
and experimental histology, and related fields. One 
hundred foundation members were invited to part. 
icipate in the formation of the new Society. These 
were mainly chosen from those present at the Stock. 
holm Congress, but included a few who had given 
distinguished assistance to the old Society. Applica. 
tions for membership of the Society for Cell Biology 
will be welcomed. They may be addressed to Dr. 
J. F. Danielli, Royal Cancer Hospital, London, 
S.W.3, England, or may be sent in the first instance 
to any officer or committee-member of the Socicty. 
Applications should normally be accompanied by a list 
of references to original contributions to knowledve. 


International Commission on Large Dams 


Tue first Congress on Large Dams was held in 
Stockholm in 1933, concurrently with the Scandin. 
avian sectional meeting of the World Power (on- 
ference; the second was held in Washington in 
1936, concurrently with the third World Power 
Conference. The third Congress on Large Dams will 
be held in Sweden next year. It will not be associated 
with a meeting of the parent organisation, since no 
meeting of the World Power Conference is planned 
for 1948. The organisation of British participation 
in this Congress is being undertaken by the British 
Committee on Large Dams, which is a sub-committee 
of the British National Committee of the World 
Power Conference. The general lines of the Congress 
will be as follows: (a) critical exposition of the 
measurement of uplift pressures and stresses arising 
therefrom ; (6) research methods and instruments 
for the measurement of stresses and deformation in 
earth and concrete dams; (c) recent precautions to 
avoid the formation of pipings; (d) experiences 
arising from the testing and the actual use of special 
cements for large dams. 

The Congress will open in the Concert Hall 
(Konserthuset) at Stockholm on June 10. The next 
two days are to be devoted to meetings, which will 
also be held in the Concert Hall. These meetings 
will be followed by a five-day study tour to a number 
of dams and hydro-electric power plants, and to one 
of Sweden’s large industries. The tour includes a 
visit to the waterfall at Harspranget (Hare’s Leap), 
situated north of the Arctic Circle and in process of 
development (the capacity of the power station there 
is to be 260,000 kW.). The study tour will close with 
meetings in Trollhattan. Preliminary notification of 
intending participation must be forwarded to the 
Swedish Committee on Large Dams, through the Secret- 
ary, British National Committee of the World Power 
Conference, 201-2 Grand Buildings, Trafalgar Square, 
London, W.C.2, not later than December 31, 1947. 


The Medical Bookman and Historian 


THe Medical Historian, believed to be the first 
periodical in Britain to deal solely with the history 
of medicine, was not able in present circumstances 
to appear as an independent journal. It has there- 
fore been linked with the Medical Bookman, and the 
first issue of the new combined journal, The Medical 
Bookman and Historian (Harvey and Blythe, Ltd., 
6 Hanover Square, W.1. Monthly, 2s.), has been 
published. The policy of the Medical Historian will 
be to link the history of medicine with its current 
practice and to try to elucidate current problems in 
the light of past experience and past errors. Every- 
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one who is interested in the history of medicine will 
wish this new journal well and will hope that it will, 
before long, be able to stand by itself. Meanwhile, 
its fusion with the Medical Bookman is complete. 
The reader of the combined journal will, in fact, 
searcely know which of the contributions belong to 
either partner in this interesting marriage. Eleven 
of the fifteen items in the list of contents of the 
November issue (Vol. 1, No. 11) are reviews of 
books, the other five being original articles ; inter- 
esting as the kind of book review here printed 
certainly is, some readers may prefer to see by a 
glance at the list of contents which are the original 
articles and which the book reviews. Three of the 
articles in this issue are the first articles of a series, 
namely, “Bypaths in Medical Bibliography”, by 
W. J. Bishop, librarian of the Wellcome Historical 
Medical Museum, “British Historians of Medicine’’, 
by F. N. L. Poynter and W. J. Bishop, and “Rise, 
Fall and Revivals of Hospitals”, by Prof. J. A. 
Nixon. The other article is by the editor of the 
Medical Historian, W. R. Bett, on “Some Thyroid 
Pioneers”. A notice on the front cover of the journal 
briefly reports the inaugural meeting of the new 
Medical Sub-section of the Library Association, 
which fulfils a suggestion made by Sir William Osler 
in 1909. The honorary secretary of this sub-section 
is W. J. Bishop, The Wellcome Historical Medical 
Museum, 26 Portman Square, London, W.1l. An 
exchange system for duplicate or unwanted books 
and journals, lists of periodicals and rare books, 
inter-library loans and other services are contem- 
plated. This is a development which everyone 
engaged in biological work will heartily welcome. 


Sun-Bathing by Birds 

Recorps compiled by John Gibb (Brit. Birds, 50, 
No. 6; June 1947) show that sun-bathing is a regular 
habit among passerine and predatory birds. The 
attitudes adopted show an obvious similarity between 
whether the bird is facing into or 
sun. This is typically the fluffing 
out of the body feathers, opening of the wings and 
fanning the tail. The odd postures at times may 
usually be attributed to the bird inclining its body 
towards the oblique rays of the sun. Juvenile birds 
are particularly prone to sun-bathing. The suggested 
part that sun-bathing may play in the process of 
moult is less clearly indicated, although the dates 
of records show a tendency to concentrate at times 
of moult. 


different species, 
away from the 


Botanical Expedition to Nigeria 

A SMALL botanical expedition, under the leadership 
of Dr. P. W. Richards (Botany School, Cambridge), 
left England on November 15 for Nigeria. The party 
includes Dr. G. C. Evans (Botany School, Cambridge) 
and Dr. E. W. Jones and Mr. J. P. M. Brenan 
(Imperial Forestry Institute, Oxford), and will con- 
tinue work in the field until the beginning of April 
1948. The chief object of the expedition is to in- 
vestigate the process of natural regeneration in the 
evergreen tropical forest, with special reference to 
Aubréville’s ‘Mosaic Theory’. It is expected that 
the greater part of the work will be carried out in the 
forest reserves of Benin Province; but if circum- 
stances permit, some members of the party will visit 
the Cameroons and make an ecological study of the 
little-known montane forests. The expedition has 
the financial support of the Royal Society and of the 
Colonial Research Fund. 
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Ministry of Agriculture and Fisheries: Appoint- 
ments 


THE following appointments have been announced 
by the Ministry of Agriculture and Fisheries: Prof. 
J. A. Scott Watson, chief education and advisory officer 
to the Ministry, formerly Sibthorpian professor of rural 
economy, University of Oxford, to be chief scientific 
and agricultural adviser to the Ministry and director- 
general of the National Agricultural Advisory Service, 
in succession to Sir William Gavin, who retires on 
Decernber 31; Mr. Robert Rae, an under-secretary 
in the Ministry, formerly professor of agriculture in 
the University of Reading, to be director of the 
National Agricultural Advisory Service; Mr. F. 
Grant, principal assistant secretary in the Ministry, 
to be an under-secretary ; Mr. H. G. Lambert, a 
principal in the Ministry, to take charge of a new 
branch to organise the special campaign for grassland 
development recently announced by the Minister as 
part of the new agricultural expansion programme, the 
technical officer in charge of which is Mr. W. H. Hay. 


Announcements 

WE regret to announce that Prof. G. H. Hardy, 
emeritus professor of pure ‘mathematics in the 
University of Cambridge, died on December 1; on 
that day he should have received the Copley Medal 
of the Royal Society, the award of which to him 
was announced a short time ago. 


THE Lord President of the Council has appointed 
Sir Frank Engledow, Draper’s professor of agriculture 
in the University of Cambridge, to be chairman of 
the Food Investigation Board, Department of 
Scientific and Industrial Research, in succession to 
the late Sir Joseph Barcroft. 


Mr. E. A. Evans, chief chemist to the Wakefield 
Group of companies since 1915, has been nominated 
president designate of the Institute of Petroleum for 
the session 1948-49. Mr. Evans has been chairman 
of the Motor Industry Research Association since its 
inception in March 1946; and was chairman of its 
predecessor—the Automobile Research Committee— 
during 1944 and 1945. In 1942-43 he was awarded 
the Crompton Medal of the Institution of Automobile 
Engineers for his paper on ‘“Extreme-Pressure 
Lubrication”. 


Tue British Social Hygiene Council is arranging 
a conference on “‘Biology in Education”, to be held 
at University College, London, ori December 30. 
Speakers include Prof. J. Z. Young, Mrs. F. M. Holt 
and Mr. W. L. Sumner. Further information can be 
obtained from the Secretary, British Social Hygiene 
Council, Tavistock House North, Tavistock Square, 
London, W.C.1. 


An Italian Association for the Progress of Zoo- 
techny has been established at Milan, under the 
chairmanship of Prof. T. Bonadonna, of the . 
University of Milan and director of the Lazzaro 
Spalianzani Experimental Institute for Artificial 
Insemination. 


THE report of the Archeological Survey of the 
Union of South Africa for the period April 1940- 
March 1946 has appeared (Pretoria: Gov. Printer). 
Both in quaternary geological studies and in 
work on prehistoric art, there has been much activity. 
Dr. van Riet Lowe has had Prof. H. Breuil with him 
for much of the period under review, and a number 
of papers and other publications have been issued. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Crystal Structure of Human Carboxy- 
haemoglobin 

Mrs. H. M. Jope kindly provided us with crystals 
of human carboxyhemoglobin which she had 
prepared at the Department of Clinical Biochem- 
istry, Oxford. The crystals had been grown by 
dialysis against 3-5 M ammonium sulphate solution 
at 0° C. and proved to be stable in 3-8 M ammonium 
sulphate solution at room temperature. They were 
bipyramidal prisms of almost square cross-section 
(see diagram); sometimes they also grew as octa- 
hedra. Birefringence was feeble compared with 
other protein crystals, and dichroism not detectable. 




















Oscillation photographs about the three principal 
axes showed that the crystals were orthorhombic and 
belonged to the space-group P 2,2,2,. The unit cell 
dimensions of the wet crystals are a= 85-2 (+0-2) A., 
b=77-0 (+0-2) A., and c= 86-0 (40-5) A. On drying 
the crystals, the cell dimensions shrink to a=70-4 A., 
6=73-3 A., and c=77-0 A. (all +1 A.). The crystals 
contain four hemoglobin molecules per unit cell. The 
molecular weight of the protein could not be determ- 
ined directly, because the salt content of the dried 
crystals made measurements of the density and water 
content impossible. However, the close similarity 
between the unit cell volumes of dried oxyhzmo- 
globin of horse (393,000 A.*)' and of human 
carboxyhemoglobin (396,000 A.*) indicates that the 
molecular weight of human hemoglobin is very 
close to that of horse, which is known to be 66,700. 
The hydration of the protein in neutralized ammonium 
sulphate solution was determined by the method of 
Adair and Adair* and found to amount to 0-26 gm. 
H,O/gm. protein. 

The diffraction pattern of the wet crystals consists 
of sharp reflexions which extend to spacings of the 
order of 2-5 A., as in all wet protein crystals so far 
examined. In the dried crystals sharp reflexions fade 
out beyond spacings of about 7 A. The most interest- 
ing features of the diffraction pattern are to be found 
among the low-order reflexions; we know that in 
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protein crystals these reflexions tend to be influciiced 
by the packing of the molecules rather than their 
internal structure, and hence they are sometimes 
capable of providing a clue to the arrangerent 
of the molecules in the unit cell. In human 
carboxyhemoglobin, low-order reflexions tend to 
be either faint or absent unless h + k, h +1] and 
k+l are all even; this tendency is most marked 
among the AO! reflexions and can also be seen to a 
certain extent among the Ak0’s and Okl’s. [t js 
limited to reflexions with spacings greater than :}\) A. 
This distribution of intensities indicates that the 
hemoglobin molecules lie approximately ‘at the 
corners and face-centres of the unit cell, an arrange 
ment which is compatible with the space-gr sup 
symmetry ; for if one molecule is placed at x= , 

z=0, the other three molecules in the unit cell would 
have to lie at the centres of the three faces. Since 
the edges of the unit cell have almost equal lengths, 


this brings the molecules very close to the positions of 
cubic close packing, an arrangement which is all the 
more likely in view of the octahedral habit of the 
crystals. It follows that the molecules themselves 


must be practically isodiametric. 

The low optical anisotropy of the crystals indicates 
that the relative orientation of the four molecules in 
the unit cell is such as to lead to mutual compensa. 
tion of the intrinsic molecular anisotropies. This was 
confirmed by the results of Patterson projections 
which were prepared along the three principal axes 
for both the wet and air-dried states of the crystals. 
These projections showed far more complex peak 
systems than, for example, horse methemoglobin? or 
insulin‘, and attempts to find structural features 
which could be compared with those of other proteins 
were fruitless on account of the bewildering mass of 
similar vector peaks occurring in all projections. As 
in all protein crystals so far examined, there are con- 
centrations of peaks in the region of 10 A.; but this 
fact by itself does not provide any useful clues 
regarding the structure of the molecule. It is difficult 
even in crystals which contain only one protein 
molecule per lattice point to derive conclusive in- 
formation about the intra-molecular structure from 
the X-ray data. If several molecules are present, 
and if each of them, moreover, is oriented differently 
with respect to the crystal axes, as in human 
carboxyhzemoglobin, the problem soon reaches a 
prohibitive order of complexity. The chances, there- 
fore, that further analysis of the present structure 
would lead to fruitful results must be considered 
remote. 

Our crystals were identical in habit with those 
described by Drabkin and classified by him as tetra- 
gonal’. Without further data it will be difficult to 
decide whether Drabkin’s crystals represent a different 
polymorphous modification of the same protein, or 
whether possibly Drabkin was misled by their pseudo- 
tetragonal character and his crystals are actually 
identical with our orthorhombic ones. 

Of other derivatives of human hzemoglobin 
which were examined, oxyhemoglobin was found 
to be isomorphous with carboxyhxmoglobin. 
Methemoglobin crystallizes in tetrahedra which are 
probably isomorphous with the octahedral carboxy- 
hemoglobin crystals examined here, one half of 
the octahedral faces being undeveloped. Reduced 
hemoglobin, on the other hand, crystallizes both 
as strongly birefringent plates and as bipyramidal 
prisms the symmetry of which has yet to be 
found. Finally, it may be worth mentioning that 
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the structure of the carboxyhemoglobin crystals 
was the same no matter whether they were 
crystallized from ammonium sulphate or potassium 
phosphate solution. 

We are very grateful to Mrs. H. M. Jope for having 
made this investigation possible by providing us with 
beautifully large, well-developed crystals. 

M. F. PEeRrutTz 
OLGA WEISZ 
Cavendish Laboratory and 
Molteno Institute, 
Cambridge. 
Sept. 16. 


* Perutz, M. F., Nature, 150, 324 (1942). 

* Adair, G. S., and Adair, M. E., Proc. Roy. Soc., B, 120, 422 (1936). 

* Boyes-Watson, J., Davidson, E., and Perutz, M. F., Proc. Roy. Soc., 
{A, 191, 83 (1947)). 

* Crowfoot, D., and Riley, D. P., Nature, 144, 1011 (1939). 

* Drabkin, D. L., J. Biol. Chem., 164, 703 (1946). 


Metabolism of Synthetic Estrogens in Man 


Ir has long been the practice in carrying out phenol 
metabolism experiments in animals to measure the 
increase in ethereal sulphate excretion above the 
normal average to give an indication of the extent 
to which the phenol in question is being excreted by 
sulphate formation. Similarly, a rise in conjugated 
glucuronic acid excretion above the normal average 
is taken as proof that the material is being ‘detoxi- 
cated’ by glucuronide formation. In many cases it 
has been possible to obtain figures by this method 
upon which rough quantitative metabolic data could 
be based. 

However, in view of the large natural daily varia- 
tion of both ethereal sulphate and glucuronide 
exgretion in the urine, it is only possible to make use 
of the above method when relatively large amounts 
of phenol (or other substance) are to be metabolized. 
There is some evidence, especially in the case of 
synthetic cestrogens (unpublished results), that large 
overdosing alters the metabolic path, in that 
unchanged phenol is excreted. Here large overdosing 
is likely to give a distorted view of the metabolism, 
even though the estimation method may be made 
workable by this means. Obviously, information 
on the metabolic path taken under normal thera- 
peutic dosing is not necessarily obtained by the 
method. 

In the rabbit, according to Bray, Ryman and 
Thorpe’, the normal daily excretion of ethereal 
sulphate in the urine varies from 10 to 38 mgm. If 
stilbcestrol, for example, were excreted as its mono- 
sulphate, this normal sulphate figure would account 
for a blank stilbcestrol value of 34-130 mgm. daily. 
In the case of human urine, the daily excretion of 
ethereal sulphate may vary from 10 to 250 mgm., 
corresponding to a daily blank value of 34-840 mgm. 
stilbceestrol. Since the therapeutic dose of this 
substance varies from a fraction of a milligram to 
50 mgm. daily, and as even 50 mgm. would increase 
the ethereal sulphate figure by only 15 mgm. (30 mgm. 
if disulphate were excreted), it is obvious that the 
metabolism of stilbcestrol in the human subject 
cannot be studied conveniently by ethereal sulphate 
determinations. 

The same considerations apply to the use of 
glucuronic acid determinations for following glucur- 
onide formation in metabolism experiments in the 
human subject. 
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In order to carry out the experiments on synthetic 
cestrogen metabolism in therapeutic doses in animals 
and man at present being conducted in this Institute, 
it has been necessary to devise chemical separation 
methods checked by bioassay**»*. This, too, has 
disadvantages, yet they are considered less than those 
outlined above. 

Although it has not yet been possible to isolate 
either the oestrogen glucuronide or the sulphate ester 
from the urine of patients treated with stilbcestrol or 
hexcestrol, on account of the small dosages used, yet 
indirect evidence points to a monoglucuronide 
excretion of as much as 50 per cent administered 
cestrogen and a sulphate ester excretion up to 6 per 
cent. In most cases less than 1-0 per cent cestrogen 
was excreted in the free form. It was formerly thought 
that large proportions of synthetic cestrogens admin- 
istered to man were degraded to completely inactive 
products. 

Full details will be published elsewhere. 

A. E. WrcperR SMITH 
(Countess of Lisburne Memorial Fellow) 
S.A. Courtauld Institute of Biochemistry, 
Middlesex Hospital, 
London, W.1. 
Aug. 20. 
' Bray, H. G., Ryman, Brenda E., and Thorpe, W. V., Biochem. J., 

41, 212 (1947). 

* Sahasrabudhe, M. B., and Wilder Smith, A. E., Biochem. J., 4, 

No. 2, 190 (1947). 

* Wilder Smith, A. E., and Williams, P. C., Biochem. J., in the press. 
* Simpson, 8. A., and Wilder Smith, A. E., Biochem. J., in the press. 


A New Blood-Pressure Principle of the 
Anterior Lobe of the Pituitary 


HirHERTO only the posterior lobe of the pituitary 
was known to contain a blood-pressure principle 
generally called vasopressin. Its role in the circulation 
system is not defined, and it is not held to be of 
great importance. As for the anterior lobe of the 
pituitary, no blood-pressure factor has been found, 
although some clinical evidence has pointed to its 
existence ; for example, diseases of pituitary origin 
like acromegaly, Simmonds disease, Cushing syn- 
drome, and Frdéhlich disease are very regularly 
accompanied by blood-pressure anomalies. Moreover, 
it has been demonstrated that hypophysectomy in 
animals leads to low blood pressure. However, as 
some hormones of the adrenals, such as the adrenalin 
and the desoxycorticosterone group, have effects on 
blood pressure, and adrenalectomy is known to be 
followed by a much lower degree of blood pressure 
than hypophysectomy, attention has been directed 
hitherto to the hormones of the adrenals. Another 
reason for neglecting the pituitary in this respect 
arose out of the problem connected with the Cushing 
syndrome, which was increasingly regarded as being 
related to the adrenals rather than the pituitary. 

Clinical observations, the details of which will be 
given elsewhere, have convinced us that the anterior 
pituitary lobe must contain a blood-pressure factor 
which has its share in the regulation of blood pressure 
not only in pathological but also in physiological 
circumstances. After extensive experimental work 
we succeeded in extracting from ox pituitaries a 
principle which was able to raise to normal levels 
the blood pressure in rats rendered artificially hypo- 
tensial by adrenalectomy. We employed the non- 
bloody method of Byron and Wilson, which allows 














TABLE | 
| Blood pressure Blood pressure 
before operation | after operation 
Rat 1 135 mm. Hg 85 mm. Hg 
Rat 2 1390 ,, ” ” » 
Rat 3 140 ~ os Sw» 
Rat 4 | — -* « Cw w 











repeated measurements with the same animal, thus 
making possible comparable pressure readings on 
consecutive days. In addition, this method per- 
mitted us to determine the duration of the pressure 
effect and to learn whether, after its disappearance, 
it can again be reproduced by repeated injections. 
As an example, we submit some short-term observa- 
tions made with four adrenalectomized rats, while a 
fuller account with larger numbers in a modified 
arrangement will be given in another paper. 

Table 1 shows the average blood pressure of each 
rat taken before and after adrenalectomy and de- 
termined by at least five measurements. The in- 
jections begin on the second day after adrenalectomy 
and are continued once a day as long as the rat 
survives. Considering the fact that the rats cannot 
be given life-prolonging extracts like adrenal 
hormones, in order to exclude any mistake with 
respect to the substance tested, and furthermore 
taking into account the weakening effect of pro- 
longed narcosis, indispensable in this pressure method, 
the survival period is only six to eight days. The 
effect of the injections is observed one to two hours 
after each injection. The next day the rat is left 
without an injection and its blood pressure is 
determined. On the following day another injection 
is given and its effect observed, and so on until the 
death of the animal. As may be seen from Table 2, 
the full pressure effect does not last twenty-four hours, 
but the blood pressure does not revert to the original 
low level before treatment. That there is a cumulative 
effect can be seen from a comparison of the figures 
in the interval between two injections. 

A more detailed paper will give evidence that the 
remaining mother substance, from which the blood- 
pressure principle was obtained by dialysis through 
a ‘Cellophane’ membrane, did not show any pressure 
properties. Its passage through colloidal filters 
indicates a small molecular size of this principle. Its 
chemical nature has not yet been ascertained, but 
it seems to belong to the amino-acid group. It could 
be separated from other pituitary hormones by 
fractionated dialysis preceded by an acid hydrolysis 
of ox pituitary (lobe anterior). The concentration 
used was 1 gm. of fresh gland material, corresponding 
to 1 e.c. of the final extract. 

The effect of this hypophyseal factor is quite 
different from that of vasopressin and adrenalin. 
Contrary to these, it does not have an immediate 
effect but within one or two hours later, and above 

















all it is of lasting and cumulative character. It has 
TABLE 2. BLOOD-PRESSURES (MM. MERCURY) 
= ] el 4 | 
First injection Second | Third Fourth 
i injection | injection injection 
1 — j 4. 
After | After | After | After | After | After | After 
2hr. | 24hr. lhr. | 24hr. lhr. | 24hr, 2 hr. 
Rat 1 125 | 90 125 110 125 110 125 
Rat2/ 115 100 125 105 120 20 dead 
Rat 3 130 110 140 115 140 dead 
Rat 4 130 | 110 140 115 140 dead 
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more resemblance to the pressure effect of the 
desoxycorticosterone group, but it differs from the 
latter in its stronger and more distinct action, 
Preceding the experiments with adrenalectomized 
rats, we tested this principle with the object of 
differentiating it from gonadotropin and adreno 


corticotropin. Contrary to adrenocorticotropin, it 
had no stimulating effect on the adrenal cortex, 
and no adrenal enlargement could be recorded by 
the usual methods. 

From our observations, we arrived at the following 
conclusions : 

(1) The anterior lobe of the pituitary contains a 
blood-pressure principle. 

(2) It seems probable that this principle is the 
cause of blood-pressure anomalies met in certain 
diseases of the anterior pituitary lobe. 

(3) There are indications that this factor has its 
share in the normal control of blood pressure ; this 
would mean that the regulation of blood pressure is 
partly hormonal. 

These investigations were carried out in the 
laboratories of the Teva Chemical Works, Jerusalem. 

Hans Hase 

8 Hess Street, 

Tel-Aviv. 
July 11. 


Influence of Hypophyseal Hormone and of 
Nervous Impulses on the Colour-dress of 
Hermaphrodite Teleostean Fish 


InJEcTION of extracts of the posterior pituitary 
gland evokes the brilliant colours of the ‘nuptial 
dress’ in Phoxinus levis' and some marine teleosteans’. 
The active principle, intermedin, is produced in the 
intermediate lobe of the hypophysis' and its secreion 
is probably controlled by a hypothalamic centre’. 
In Phoxinus levis, localized destruction of particular 
regions of the spinal cord delays or inhibits the 
reaction. From this, some authors*»* have concluded 
that the hormone affects the chromatophores not only 
peripherally but also via the central nervous system. 
Others think it more probable that the result of 
this operation came about through oxygen-want, and 
that the lipophores of a fish’s skin, unlike the melano- 
phores, are without innervation‘. 

The following experiments, carried out on an 
Adriatic perch, Serranus scriba, show the particular 
sensitivity of the lipophores to intermedin and to 
nervous impulses. The experiments, save for one 
series, were performed outside the spawning season. 
The fish were kept under approximately equal con- 
ditions of lighting, oxygenation and temperature. 
The active substances, with one exception, were 
dissolved in 0-10 ml. of physiological saline or 
Ringer’s solution and injected subcutaneously in 
the dorsal region. Specimens injected with saline or 
Ringer’s solution were used as controls. 

In Serranus scriba, unlike Phoxinus levis, exhibition 
of the ‘nuptial dress’ is not confined to a particular 
season: many individuals wear the characteristic 
coloration outside the spawning season. When such 
a fish was caught, the ‘nuptial dress’ often disappeared, 
reappearing later in the aquarium. This phenomenon 
is not caused by oxygen-want ; for the bright colours 
frequently disappeared temporarily when the fish 
were chased about in the oxygenated water, but 
persisted after pithing, or after paralysis of the 
respiratory centre by 0-40 mgm. of atropine sulphate. 
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The effect of excitation appeared more or less immed- 
iately and, therefore, is probably a result of direct 
nervous stimulation. It is questionable whether, in 
addition, secretion of endogenous adrenalin takes 
place during excitation. The effect could be repro- 
duced by adrenalin hydrochloride or by 0-05-0-50 
mgm. of acetylcholine chloride, which is known to 
stimulate the adrenal medulla*. But the adrenalin 
was effective only in doses of 0-10 mgm. or more 
and the individual responses to acetylcholine varied 
in intensity. 0-20-0-60 mgm. of the sympathomimetic 
tyramine also caused fading of the ‘nuptial dress’ ; 
the effect appeared 15-45 minutes after injection, 
the fish remaining pale for about two hours. 

We found, like Fleischmann and Kann, that 
posterior pituitary extracts evoked the ‘nuptial dress’ 
within 10-20 minutes after injection. Doses of 


0-50-1-00 1.0. of a whole extract, 0-05—-0-10 1.v. of ‘ 


a fraction with pfedominantly pressor-activity, or 
2-00 1.u. of a predominantly oxytocic fraction were 
effective. The figures show that, on fractionation, 
the intermedin mainly passes into the pressor- 
fraction. 

In Serranus scriba the hormone acts on the lipo- 
phores peripherally?. Nevertheless, removal of the 
brain orally from the optic lobes, which affected 
respiration for a few minutes only, inhibited the 
response of the erythrophores while that of the 
xanthophores was somewhat enhanced. This result 
suggests that the chromatophore response to the 
action of the hormone may be influenced by the 
central nervous system. Atropine sulphate, though 
paralysing the respiratory centre, did not reduce the 
hormonal effect ; the latter seemed actually to be 
inereased in some specimens. Hypophyseal extracts 
and tyramine inhibited one another in their actions 
on the colour-dress. 

In Serranus scriba, pressure on the roof of the 
pharynx produces no colour-change*, while in 
Phoxinus this manipulation produces the ‘nuptial 
dress’ by release of intermedin®’. We repeated this 
experiment on Serranus scriba during the spawning 
season and at various other times of the year, with 
the same constantly negative result. Furthermore, 
we injected individuals which were not in ‘nuptial 
dress’ with a suspension of Serranus-pituitaries in 
Ringer’s solution. These injections produced no 
colour-change, whether the donors were in ‘nuptial 
dress’ or not. It follows from this that the hypophysis 
of Serranus scriba, of which the lipophores are so 
sensitive to intermedin, does not produce this 
hormone. Moreover, injection of 0-50 ml. of pregnant 
urine on two consecutive days, representing a total 
dose of about 15 m.v. of chorionic gonadotrophin, 
did not influence the coloration. This result agrees 
with that obtained by Fleischmann and Kann, who 
found that gonadal hormones produce no colour- 
change in Serranus scriba although they do so in the 
bitterling. These peculiarities become comprehensible 
when one recalls that this fish, unlike the minnow 
and the bitterling, is hermaphrodite. Its ‘nuptial 
dress’, therefore, represents no sex function, and 
consequently is not caused, under physiological con- 
ditions, by a sex gland. . In this connexion, it may be 
of interest that in Serranus cabrilla, a closely related 
perch, the ‘nuptial dress’ is much less conspicuous 
than in S. scriba and cannot be produced by inter- 
medin. 

This letter is an account of work carried out in the 
Oceanographic Institute, Split, in 1938-39, its earlier 
publication having been prevented by the War. One 


NATURE 





789 





of us (O. P.) gratefully acknowledges the hospitality 
shown him by the members of the Institute. 
O. ProzEnIk* 
M. Zeer 
Oceanographic Institute, 
Split, Yugoslavia. 


* Present address: Hosa Research Laboratories, Sunbury-on- 


Thames. 

* Zondek, B., and Krohn, H., Klin. Woch., 11, 1293 (1932). 

* Fleischmann, W., and Kann, 8., Z. vergl. Physiol., 25, 251 (1937). 

* Karplus, J. P., and Peczenik, O., Arch. ges. Physiol., 225, 654 (1930) ; 
232, 402 (1933). 

* Peczenik, O., Z. vergl. Physiol., 19, 84 (1933). 

* Giersberg, H., Z. vergl. Physiol., 18, 369 (1932). 

*Gaddum J. H., “Pharmacology” (Oxford: University Press, 1940). 


Phylogenesis of the Perivascular Spaces of 
the Brain 

4. JORDING to recent investigations by Van Rijssel!' 
on species of carp (Carassius Gibelio), the perivas- 
culaz spaces penetrate throughout the brain. Cerebro- 
spinal fluid circulates in the spaces, and thus the 
external and internal liquors mix. This circulation 
goes in the same direction as the blood circulation 
and is created by the pulse wave. 

In my experiments, I injected a 1 per cent trypan 
blue solution into the cranial cavity and the ventricles 
of different vertebrates. In fish (Leuciscus rutilus, 
Abramis brama, Aspius rapax, Perca fluviatilis) I 
found, in conformance with Van Rijssel’s observations’, 
that the channels surrounding the blood vessels 
penetrate throughout the whole of the brain sub- 
stance and bring about a connexion between the 
surface and the ventricles of the brain. This channel 
system is best defined in the pallium, which is 
densely interwoven with a network of perpendicular 
blood vessels. I made similar observations in 
amphibians (Rana esculenta, Rana ridibunda). 

Among the reptiles, I investigated the brains of 
lizards (Lacerta viridis). Their hemispheres are more 
strongly developed, and the perivascular channel 
system penetrating the brain is very marked (Fig. 1). 
The liquor externus appearing in Teleostii is repre- 
sented in reptiles by a continuous layer of fluid around 
the brain, increasing the significance of the perivascular 
spaces. The arteries enter from the surface of the 
brain or from the inter-hemispherical fissure and 
penetrate the substance of the brain perpendicularly. 

They turn again at right angles on reaching the 
ventricle, and in the subependymal layer they continue 





Fig. 1 








790 


parallel with the border of the ventricle. The peri- 
vascular spaces open with a wide funnel on the 
surface. Their walls are made of fibres of pericerebral 
connective tissue, one part of which forms the inner 
wall of the sheath touching the adventitia of the 
vessel, the rest forming the outer wall towards the 
brain tissue. Reaching the border of the ventricle, 
the spaces open into it in a straight line or diagonally, 
between the ependymal cells. This opening is 
narrow. A few minutes after the injection into the 
cranial cavity, the trypan blue can be seen in the 
whole length of the perivascular spaces, showing that 
the external and internal fluids communicate through 
the channels. It is possible that the direction of the 
circulation is determined by the pressure conditions 
prevailing on both sides, in which case the perivascular 
spaces have a compensating role. It is probable that 
the cerebrospinal fluid flows from the surface towards 
the ventricle, considering that the channel opens 
widely on the surface and is narrow in the ventricle. 

The structure of the bird’s brain is essentially 
different. Injecting the dye into the ventricle and on 
the surface of the brains of Oriolus oriolus, I found 
that the stain is absorbed by diffusion some milli- 
metres deep in the cortex and the border of the 
ventricle (Fig. 2), just as in mammals. The peri- 
vascular spaces start from the surface but end in the 
substance of the brain and do not reach the veniricles. 
The brain of the bird represents a high degree of 
development. The development of the striatum 
increases the brain substance; the hemispheres are 
thickened, in consequence of which the ventricles, 
which in members of the lower orders are very large, 
are narrowed into small fissures. The vessel growing 
in from the surface and the perivascular spaces 
entering with them cannot keep pace with the 
development of the hemispheres, so the continuity of 
the channel is broken. The communication of 
external and internal fluids is confined to the foramina 
of Luschka, the development of which seems to be 
parallel with the closure of the transcerebral com- 
munication. 





L. Baxay, jun. 
Hungarian Biological Research Institute, 
Tihany (Lake Balaton). 
Aug. 29. 


* Van Rijssei, T. G., Arch. Neurol. and Psychiatr., 56, 522 (1946). 


Persistence of a Substance with Blood Groups 
A and O Specificity in Commercial Fluid Hog 
Stomach Extract 


In view of the presence of a substance in hog 
stomach powder having blood groups A and O 
activity, as previously reported’, it was decided to 
investigate fluid extracts to ascertain if such activity 
persisted after more extended manufacturing pro- 
cesses. 

An active material was obtained from ‘Hogastrin’ 
(Giles Schacht and Co.). No details of manufacture 
could be obtained, but the extract is apparently 
dissolved in an organic solvent. Attempts to isolate 
an active fraction using anhydrous sodium sulphate? 
were unsuccessful. Ethanol precipitation in the 
presence of sodium acetate, however, gave a white 
coherent precipitate, the mixture being kept in the 
refrigerator during sedimentation. This precipitate 


was collected by centrifuging, dissolved in water, and 
reprecipitated with ethanol-acetate. This process 
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was repeated three times on an average, the sediment 
being dissolved in progressively smaller volumes of 
water. 

The aqueous solution was deproteinized by Sevag’s 
method, six shakings with chloroform-butyl alcoho] 
being necessary. Acetone at 4° C. gave a precipitate 
which was dissolved in water, the solution being 
dialysed through ‘Cellophane’ in the cold, and 
reprecipitated with cold acetone. The precipitate 
was dried under reduced pressure and temperature, 
The yields obtained were very small, averaging 
12 mgm. per 100 c.c. of ‘Hogastrin’. 

The material gave strong Molisch and 8-naphthol 
reactions, and was non-reducing before hydrolysis, 
No protein fraction was demonstrated with Millon’s, 
xanthoproteic, biuret or precipitation tests. ‘The 
ninhydrin reaction was negative. Solutions were 
viscous; but while no measurements were possible, |. 
to the small yields, the degré® of viscosity was 
noticeably less than that of solutions of undenatured 
hog stomach substance’. 

Inhibition of blood group A iso-agglutination was 
effective at dilutions of 1/1,000,000 of the dry sub 
stance. Weaker effects were noted at higher dilutions 
of some fractions. In common with the substances 
isolated from dry hog mucin and fresh hog stomachis, 
inhibition of agglutination of human blood group 0 
(by an anti-O bovine serum) was noted*. This 
double activity of hog mucin has been elucidated by 
Aminoff et al.*, who note the individual specificity of 
hog stomachs. The inhibition of O agglutination 
occurred at dilutions of 1/30,000. 

The weaker activity of the ‘Hogastrin’ preparation 
in O inhibition may possibly have been due to 
chance, in that a small number of stomachs with 0 
specificity were used in preparation of the batch 
examined. It may also have been due to a selective 
effect occurring during manufacture; but as details of 
this cannot be obtained, this hypothesis cannot be 
substantiated. That selective effect can occur is 
possible in view of the experience of Aminoff e¢ al.', 
who find some separation of A and O effects using 
relatively simple chemical procedures. More definite 
evidence of the individuality of the A and O com 
ponents of hog mucin has been obtained by Morgan, 
using the enzymes of Cl. welchii filtrates’. 

M. E. Foran 





Department of Pathology, 
University College, 
Galway. 
Aug 30. 
' Folan, M. E., Nature, 157, 231 (1946). 
* Morgan, W. T. J., and King, H. K., Biochem. J., 37, 640 (1943) 
* Morgan, W. T. J., Nature, 158, 759 (1946). 


* Aminoff, D., Morgan, W. T. J., and Watkins, W. M., Nature, 158 
879 (1946). 


Some Experiments with Fast Electrons and 
Positrons Produced by a 20-MeV. Betatron 


A 20-MeV. betatron, mentioned in an earlier note’, 
has been in operation in these Laboratories since 
January of this year. A paper dealing with the 
magnetic measurements and adjustments, circuit 
techniques, etc., is to be published in the near future; 
but it is thought that a brief description of some 
of the experiments now in progress may be of interest. 

Some work on the nuclear photo-effect and other 
phenomena, carried out originally with a 20-MeV. 
betatron and later with a 100-MeV. machine, has 
been described by Baldwin and his collaborators*”’. 
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Experiments concerning the scattering and absorp- 
tion of fast electrons and positrons do not appear to 
have been so far performed, however, and in view 
of the information on the X-ray spectrum of the 
betatron which may be gained from work of this 
kind, we are performing these experiments, while, at 
the same time, accumulating data on the energy 
losses suffered by fast electrons and positrons in 
passing through lead and other metals. The technique 
of determining the spectra of X- and y-ray sources by 
measuring the energy distribution of electron/positron 
pairs produced in a suitable absorber is well known 
and has been used by Fowler, Gaerttner and Laurit- 
sen‘ and others. 

Some of the photographs obtained with the beta- 
tron operating at peak energy of about 17 MeV. 
(the maximum energy at full excitation is about 
22 MeV.) are shown in Figs. 1-5. (The relevant 
electron and positron tracks have been re-touched to 
make these reproductions possible.) Figs. 1 and 2 
show pairs, that of Fig. 1 indicating an incident 
photon of 17-19 MeV. energy, and that of Fig. 2 
one of 5-6 MeV. Also in Fig. | is a pair produced 
presumably by a backward scattered photon, demon- 
strating the necessity of applying rules, such as those 
recommended by Kruger and Ogle’, in picking out 
for analysis only those pairs produced by unscattered 
photons from the primary beam. With an un- 
collimated beam we have often observed such 
scattered photons. 

The energy-loss measurements are being made 
partly on electrons and positrons produced in the 
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Fig. 3 Fig. 4 Fig. 5 
wall of the Wilson chamber and passing through the 
single lead plate (0-013 in. thick) used for the spec- 
trum determination, and partly with arrays of lead 
plates (Figs. 4 and 5). Figs. 2 and 3 show, respectively, 
an electron and a positron passing through this plate, 
while Figs. 4 and 5 show the same with an array 
consisting of a 0-013 in. target plate and three 
absorbing plates, 0-010 in., 0-020 in. and 0-030 in. 
thick, all of lead. The table summarizes the analysis 
of the photographs and compares the observed energy 
losses of the electrons and positrons with the theoretical 
values given by Heitler’s equations*. This subject 
has been studied experimentally by many workers, 
but the agreement between theory and experiment ~ 
appears still to be unsatisfactory’*, for reasons 
which do not seem obvious. It was considered useful 
to undertake further work in this field. The experi- 
mental errors possible in these preliminary measure- 
ments of energy-loss are quite large, and a detailed 
assessment of them will be made in a later paper. 
W. BosLey 
J. D. Craces 
W. F. Nasa 
High Voltage Laboratory, 
Research Department, 
Metropolitan-Vickers Electrical Co., Ltd., 
Manchester, 17. 
Aug. 6. 


* Bosley, W., Craggs, J. D., and McEwan, D. H., Nature, 159, 229 


(1947). 

* Baldwin, G. C., and Koch, H. W., Phys. Rev., 67, 1 (1945) 

* Baldwin, G. C., and Klaiber, G. S., Phys. Rev., 70, 259 (1946). 

* Fowler, W. A., Gaerttner, E. R., and Lauritsen, C. C., Phys. Rev., 
53, 628 (1938). 

* Kruger, P. G., and Ogle, W. E., Phys. Rev., 67, 273 (1945). 

* Heitler, W., “Quantum Theory of Radiation”, 221 (Oxford). 

* Oleson, N. L., Chao, K. T., and Crane, H. R., Phys. Rev., 60, 378 
(1941) and references there cited. 

* Oppenheimer, J., and Fowler, W. A., Phys. Rev., 53, 928 (1938, A), 


Conductivity of Evaporated Films of Lead 
Selenide 


Fiums of lead selenide of thickness 0-5 1 deposited 
on ‘Pyrex’ between graphite electrodes have been 
made by evaporation of pure lead selenide in vacuo. 
These films, which are excess conductors, are ex- 
tremely sensitive to oxygen, a pressure of 10-*-10-° 
mm. mercury at room temperature being sufficient 
to cause an increase in resistance by a factor 10 or 
more. It is found that though the resistance of all 
films is increased by cooling, the temperature- 
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dependence of the conductivity is greatest in those 
films which, owing to the action of traces of oxygen, 
have the highest resistance at room temperature. At 
temperatures below — 100°C. these films exhibit 
photoconductivity to infra-red radiation of wave- 
length less than 5u'. 

Attempts to describe the temperature-dependence 
over the range 80-290° K. by an expression of the 
form usually associated with an impurity semi- 
conductor were unsuccessful; that is, the conduct- 
ivities at low temperatures never fell so rapidly as 
would be consistent with a formula of the type 
o = o,exp(— e/kT). It was, however, observed that 
log o decreased uniformly and nearly linearly with 
decreasing 7’. In some cases plots of log o against 7 
were slightly convex to the 7’-axis, and in some cases 
slightly concave. This would indicate that the 
conductivity can in all cases be represented approx- 
mately by 
b> 9. 


Figs. | and 2 show the same sets of experimental 
points plotted against 1/7 and 7’ respectively. The 
table below gives the values of the parameters a and 6 
obtained in a few typical cases. A survey of the 
evidence from many films showed that the parameters 
are not independent, but that 6 varies continuously 
with a. 


a(7') = a exp bT 


ax 10° — logit bx 10° 

130-0 0-90 3-2 
26-0 1°59 5°7 
6:3 2-20 79 
10 3-00 118 
0-19 3°71 17°6 
0-050 4-30 23-8 
0-017 4°76 27°8 


It has been shown by K. Bauer* that the con- 
ductivity of lead selenide in bulk increases on cooling, 
thus exhibiting the behaviour of a semi-metal in 
which the concentration of current carriers varies 
only slowly with temperature*. Thin films of lead 
selenide are therefore different in properties from 
both the bulk material and from typical impurity 
semi-conductors. The explanation of the difference 
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between the films and the bulk lead selenide can only 
lie in the discontinuous nature of the former ; it js 
suggested that the greater part of the total resistance 
of a film is contributed by the contact resistances 
between the individual microcrystals of which it js 
composed. 

The assumption is made that the crystals are not 
in perfect contact, but are separated by narrow gaps 
in which there exist potential barriers of height 
equal to the work function. It is further assumed 
that one may take an average over the mosaic of 
contacts by selecting mean values of the gap width 
d and the length of the crystals 1 (~1000A.). It is 
apparent that the gap width is, in fact, temperature 
dependent owing to the thermal dilatation of the 
erystals relative to the ‘Pyrex’ base on which they 
are deposited : if «, «, are the coefficients of thermal 
expansion of lead selenide and ‘Pyrex’, the relative 
expansion is (« — a») = 17 10-* per °C., so that 

d= d, (a — ae) IT. 
This mechanism, originally suggested by Frenkel in 
connexion with the conductivity of metal films, satis 
factorily accounts for the observed properties of lead 
selenide. 

Direct evidence in support of the model was 
obtained by mechanical distortion of the surface on 
which a film was deposited. For a change in length 
of the support of 0-01 per cent, the observed change 
in conductivity was 5 per cent when the surface 
was expanded, and + 4 per cent when it was con- 
tracted. These are much greater changes than could 
be attributed to the alteration of the dimensions of 
the film, considering it as a homogeneous conductor. 
In the former case it is to be expected that the gaps 
were increased in width, thus simulating the con 
ditions of cooling. The effect was completely 
reversible. 

A quantitative treatment of the conductivity of a 
single contact, assuming penetration of the barrier 
by the quantum mechanical tunnel effect, leads to 
an expression for o(7') which is very similar to that 
observed experimentally. It may be shown that 
the parameter 6 is equal to 28VU (x — a,)l, where 
8? = 8x*m/h*, which is independent of the gap width. 
The calculated values of 23V U(x - a»)l are in good 
agreement with experiment. It is suggested that the 
large changes in 6 caused by exposure of a film to 
oxygen is simply due to the sensitiveness of the work 
function to traces of oxygen diffusing into the gaps 
between crystals. Thus taking 1 = 1000 A., U 
0-2 eV. gives b = 7-7 x 10°, and U = 2-0 eV. gives 
b = 25 x 10°. 

The theoretical variation of a with 6, considering 
U as independent variable, is given by 


A log, a/Ab = — d,/(« — «,)l. 


This may be compared with the experimental varia- 
tion of log a with 6 in order to gain an estimate of 
the gap-width. It is found that this gives d, = 6-3 A., 
a magnitude comparable to the lattice constant. 

A full account of the work briefly outlined in this 
note will be given elsewhere. 

O. Snfpson 
Cavendish Laboratory, 
Cambridge. 
Aug. 12. 

' Blackwell, D. E., Simpson, O., and Sutherland, G. B. B. M., Nature, 

see following communication. 
* Bauer, K., Ann. Phys., 38, 84 (1940). 
* Shifrin, K., J. Phys. U.S.S.R., 8, 242 (1944). 
* Frenkel, J., Phys. Rev., 36, 1604 (1930). 
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Lead Selenide Cells for Infra-Red 
Spectroscopy 


No. 4075 


THE advantages of lead sulphide cells' as detectors 
in infra-red spectrometers have already been de- 
scribed? for the region between 1 and 3u. Although 
it appears that the useful range of these cells may 
be extended slightly by working at liquid air and 
liquid hydrogen temperatures’, it seemed to us more 
profitable to explore further the possibilities of lead 
selenide cells as a means of extending the range of 
photoconductive methods in the infra-red. Reports 
of war-time work in Germany indicated that lead 
selenide had a peak sensitivity near 3-44 as com- 
pared with the lead sulphide peak near 2-6; but 
no figures have been available on the actual perform- 
ance of these German cells, relative to some standard 
such as a good vacuum thermocouple. The fact that 
lead selenide cells never got beyond the laboratory 
stage in Germany would seem to indicate that pro- 
gress there had not reached the stage where the lead 
selenide cell was superior to the thermocouple or 
bolometer. 

We have recently made lead selenide cells by the 
method outlined by Simpson‘ which are superior to a 
Hilger-Schwarz thermocouple, at least as far as 41, 
and have a time of response which is well below 
50 10-* sec. These have been tested in a prism 
spectrometer (lithium fluoride prism) of high resolving 
power against a first-rate Hilger-—Schwarz vacuum 
thermocouple as standard. By comparing the slit 
widths necessary to give the same signal/noise ratio 
when the thermocouple has a ‘Pyrex’ window in front, 
of comparable thickness to the base of the lead selenide 
cell, we obtained the sensitivity curve shown in the 
graph. It will be observed that the lead selenide 
cell has two maxima of sensitivity, one near 1-6 u 
and the other near 3-3u, the former being consider- 
ably the higher of the two. The factors controlling 
the relative heights of these two maxima have not 
yet been elucidated. 
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Although the lead selenide cells so far made are 
inferior in performance to lead sulphide cells (com- 
paring absolute sensitivities at their respective 
maxima) we have no reason to believe that the 
optimum method of preparation and usage has yet 
been achieved. These preliminary results are, how- 
ever, most encouraging, and even if no further 
improvement is obtained the present lead selenide 
cells are an important advance on the lead sulphide 
cell. The extension of the usable range from 3 yu 
to 4u means that virtually all absorption bands due 
to the stretching vibrations of hydrogen atoms can 
be examined with a much higher resolving power and 
at much greater speed than was previously possible. 
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The ‘Pyrex’ envelope now used is admittedly a draw- 
back in that its absorption limits the effective range 
to 3-4u, but we have found that a quartz envelope 
gives an improvement, and it is hoped that a suitable 
window can be arranged for the base of the envelope 
to enable the full range to be exploited. 

We are indebted to the Admiralty and to the 
Telecommunications Research Establishment at Mal- 
vern for the loan of equipment used in making and 
testing these cells. 





D. E. BLACKWELL 
QO. SIMPSON 
G. B. B. M. SuTHERLAND 
Cavendish and Colloid Science Laboratories, 
Cambridge. 
Aug. 15. 
‘ Sosnowski, L., Starkiewicz, J., Nature, 158, 28 
(1946), and 159, 818 (1947). 
* Sutherland, G. B. B. M., Blackwell, D. 
Nature, 158, 873 (1946). 
* Moss, T. 8., Nature, 159, 476 (1947). 
* Simpson, O., Nature, see preceding communication. 
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Interaction Terms in Molecular Vibrations 


WE have recently been investigating the magnitudes 
and signs of the interaction terms in the potential 
functions of triatomic molecules XYZ. These arise 
from interactions between two bond-lengths (X Y and 


YZ), or between one bond-length and the angle 
XYZ. In our study of these terms we have distin- 


guished three distinct effects: (1) resonance effects ; 
(2) interaction between non-bonded atoms (here X 
and Z); (3) changes of hybridization at the central 
atom (here Y). A proper understanding of all three 
of these is necessary before even the signs of the 
interaction terms can be adequately explained. 

An example of each of these three effects may be 
given. 

(1) The resonance effect 
molecule N—N—O, where the 
structures are I and II, 


is shown in the linear 
chief resonating 


- - + = 
N=N=O0O N=N—O 
(1D (Il) 
and the wave function is 
» = bt + Ada. 


If, now, the N—O bond-length is increased (by 
Ar,), Ua is favoured energetically, so that A is 
increased and the structure II acquires greater im- 
portance. This means, as has been mentioned else- 
where’, a shortening of the N—N bond (by Ar,) 
and consequently a positive f,, in the potential energy 
expression for linear vibrations : 


2V =f, ar? + fy Ary? + 2f3, Ar, Ary. 


This sign for f,, agrees with the vibration spectrum!'. 

(2) The interaction between non-bonded atoms 
is shown in the linear molecule H—C=N. Here the 
dipole moment for both bonds is directed in the 
same way (+ —>), so that H is positively charged and 
N is negatively charged. There is, therefore, a strong 
attraction between them. It can be shown that this 
leads to a negative value of f,., in agreement with 
experiment. 

(3) The changes in hybridization at the central 
atom are illustrated by the water molecule H—O—H. 
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In the equilibrium configuration the HOH angle is 
about 104° 31’, and there is very little s, and almost 
all p, in the hybridized oxygen orbital from which 
the O—H bond is formed. But if the angle is 
increased, it can be shown* that the amount of s 
increases and consequently the new equilibrium bond- 
length decreases. This implies that in the potential 
energy formula, 


2fi2 Ar, Ar, 
Ar,) Ad, 


2V = f, (Ar? + &r,*) 
ri7itg AO 2rige (Ar, 


the bond-angle interaction constant ge has a positive 
value. This again is in agreement with observation‘. 

It is worth while noticing furthermore that we have 
been able to show that the contributions to the inter- 
action constants f,, and ge that arise from the force 
between the two non-bonded atoms have the same 
sign, though this sign is negative when the force 
is attractive and positive when it is repulsive. 

In general, two or more of the effects (1)-(3) above 
will act at the same time. But it is often possible to 
predict the sign and approximate magnitude of the 
interaction constants: and if these constants have 
been determined experimentally, we are able to 
interpret them in terms of more fundamental notions, 
namely, the description of electron behaviour by 
means of (1)-(3). 

A full account of this work will be published later. 

C. A. CouLson 
King’s College, 
London. 
JULES DUCHESNE 
Department of Chemical Physics, 
University, Liége. 
C. MANNEBACK 
Department of Physics, 
University, 
Louvain. 
Aug. 16. 
* Duchesne, J., Mém. Soc. Roy. Sci., Liége, 1, 429 (1943). Thorndike, 
aN Wells, A. J., and Wilson, E. B., J. Chem. Phys., 15, 157 
the 
’ mn P. F., and Barker, E. F., Phys. Rev., 48, 516 (1935). 
* Coulson, C. A., “The Radius of the Carbon Atom”, Victor Henri 

Memorial Volume (Liége, 1947). 

* Dennison, D. M., Rev. Mod. Phys., 12, 175 (1940). 


Nuclear Forces and the Magnetic Moment 
of the Deuteron 


RECENTLY! the magnetic moments of the proton, 
neutron and deuteron have been measured with great 
precision. It is found that the moment of the deuteron 
differs from the algebraical sum of the moments of 
the proton and neutron by an amount much greater 
than the experimental error. The discovery of the 
electric quadrupole moment of the deuteron® in 1939 
already indicated that the ground-state of the 
deuteron is not of pure *S character but contains an 
admixture of *D. The observed magnetic moment 
can be explained if the percentage admixture is 4 per 
cent. If it can be assumed that relativistic effects 
are unimportant*, use may be made of this accurate 
figure to obtain further information about the neu- 
tron-proton interaction. Following the method of 
Rarita and Schwinger‘ we have taken this to be of 
the form 


{(1 — 49) + d9cy.0, + yS}Cfir/a), 


V(r, 1, F) 
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where 


o,, 6, being the spin vectors of the respective nucleons 
and r their relative co-ordinate. This interaction 
involves four constants, g, y, the range a and the 
strength C of the radial function f(r/a). For a given 
function, f, the constants may be fixed completely 
from the collision cross-section of thermal neutrons 
with protons, the binding energy and quadrupole 
moment of the deuteron, and the new precise values 
of the magnetic moments. 

Column (a) in the accompanying table gives the 
range derived in this way for four forms of the 
function f(r/a)—the spherical well f(r/a) = 1, r <a; 

= 0, r>a, the Gaussian potential exp (— r’/a*); 
the Yukawa potential {exp (—r/a)}(a/r); and the 
exponential potential — exp (—2r/a). The 
for the spherical well case has already been obtained 
by Rarita and Schwinger‘. The inclusion of an 
exchange operator in the function has no influence 
on these results. 

Independent evidence concerning the range may 
be obtained by choosing a different quantity in place 
of the magnetic moment to complete the determina. 
tion of the four constants. The first of these, which 
gives the ranges in column (6) of the table, is the 
cross-section for elastic collisions of 1-6 MeV. neu. 
trons with protons’. In this case the presence or 
otherwise of an exchange operator does modify the 
results. The ranges we have given have been ob 
tained with such an operator included. They would 
otherwise be smaller. 


value 


Derived range in 10°" cm 








(a) (b) | (ec) (d) 
| From scat- 
| From tering of From From 
| Assumed force magnetic | 1-6 MeV. proton- triton 
law moments neutrons proton binding 
| y scattering energy 
| protons j 
Spherica! well 2-8 2°4520-1 2-8 
Gaussian 1940-15 | -- 1-04 2-22 
Yukawa 1440-05 1-8 40-05 1°18, 1°83, 
Exponential 1640-05 | 1-75+0-05 1-73 1-73* 





In column (a) the errors assigned allow for inaccuracy in extra- 
polation of calculated results; in column (}) for experimental error. 

If it is assumed that the force between two nucleons 
is the same whether they are like or unlike, the 
anomalous scattering of protons by protons or the 
binding energy of the triton may also be used to 
provide the fourth relation necessary to fix the range. 
The ranges obtained from proton-proton scattering 
by Hoisington, Share and Breit* are given in column 
(c) of the table, and those from the triton binding 
energy in column (d). In neither of these cases does 
the result depend on the presence or otherwise of an 
exchange operator, but the binding energy calcula- 
tions have assumed the forces to be central® and of 
exclusively two-body character. (The binding energy 
of He* seems to be slightly too large when calculated 
with the assumed ranges of column (d) (see refs. 8 
and 9). This may indicate the presence of repulsive 
many-body forces.) 

It will be seen that, while the results of the different 
methods are reasonably consistent for three of the 
radial forms assumed, the Yukawa potential appears 
quite unsatisfactory in this respect. 

A detailed account of this work, including a dis- 
cussion of the photo-disintegration of the deuteron 
and the angular distribution of protons projected by 
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neutrons in the range 2-20 MeV., will be submitted 

shortly for publication in the Proceedings of the Royal 

Socicly. 

H. S. W. Massey 
Ts1-Minc Hu 
Mathematics Department, 
University College, London. 
Aug. 21. 

t Arnold, W. R., and Roberts, A., Phys. Rev., 71, 878 (1947). 

* Kellog, J. M. B., Rabi, L. L., Zacharias, J. R., and Ramsey, N. F., 
Phys. Rev., 67, 677 (1940) 

* See Sachs, R. G., Phys. Rev., 72, 91 (1947); Primakoff, H., Phys. Rev., 
72, 118 (1947); and Breit, G., and Bloch, L, 72, 135 (1947) 
for a discussion of the present position. 

‘ Rarita, W., and Schwinger, J., Phys. Rev., 69, 436 (1941). 

* Bailey, C. E., Bennett, W. E., Bergstrahl, T., Nuckolis, R. G., 
Richards, H. T., and Williams, J. H., Pays. Rev., 70, 583 (1946). 

* Holsingeton, L. E., Share, 8S. 8., and Breit, G., Phys. Rev., 66, 884 
(1939). 


Swartholm, N., “The Binding Energies of the Lightest Atomic 
Nuclel” (Lund: Hakan Ohlsson, 1945) 
* Rarita, W., and Present, R., PAye. Rev., 51, 788 (1937). 


*See, however, Gerjuoy, E., and Schwinger, J., Phys. Rev., 61, 138 


(1942). 


Crystal Structures of Zinc and Magnesium 
Benzene Sulphonates 

A RECENT note by A. Hargreaves', of the Physics 
Department, College of Technology, Manchester, 
summarized the information from a pro- 
jection, along the b-axis, of the electron density in 
the unit cell of zine p-toluenesulphonate. An in- 
vestigation of the structures of the closely related 
begun by 


obt 1ined 


zinc and magnesium benzene sulphonates, 
one of us (A. D. I. N.) at Manchester at the suggestion 
of Dr. Hargreaves and with his assistance, has now 
been completed in this Laboratory. The positions 
of all the atoms in the unit cells have been determined 
by Fourier syntheses of projections of the electron 
density along the 6- and c-axes. The crystals used in 
this analysis were twinned across the face (100), with 
the consequence that reflexions (h00) of the twin 
components overlapped completely, (A05) reflexions 
were superposed, and there was partial overlap of 
reflexions (h04) and (06). reduction in the 
accuracy of the b-axis projection results from the 
necessity for applying a correction to the observed 
intensities of these overlapping reflexions. 

As was expected, the structures of the benzene 
sulphonates prove to be essentially similar to that 
suggested for zine p-toluenesulphonate by Hargreaves 
from his partial determination of the structure by 
means of the single projection along the b-axis. The 
metal atoms are surrounded by regular octahedra 
of water molecules, and the metal-to-water distances 
are in accordance with accepted values of the atomic 
radii. The benzene ring is plane and the average 
distance between the carbon atoms is 1-40 A. The 
sulphur—oxygen bond distance in the sulphonate group 
is 1-41 A., and the sulphur atom is linked to the ben- 
zene ring by a bond of iength 1-89 A. in the magnesium 
compound and 1-81 A. in the zine compound, the 
difference probably representing experimental error. 
The distribution of bonds about the sulphur atom 
appears to be regular tetrahedral, the bond angles in 
both compounds being approximately 109°. 

The analysis, and details of the structure, will be 
published elsewhere. 


Some 


J. M. 
A. D. 
Crystallographic Laboratory, 
Cavendish Laboratory, 
Cambridge. Aug. 26. 
* Hargreaves, A., Nature, 158, 620 (1946). 


BROOMHEAD 
I. Nicorn 
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A Rapid Method of Analysis for Certain 
Surface-Active Agents 


Tue fact that certain cationic surface-active agents, 
such as cetyl pyridinium bromide, form stoichio- 
metric salts with anionic surface-active agents such 
as the alkyl sulphates, alkyl sulphonates and alkyl 
aryl sulphonates, has been used as the basis of 
two titrimetric methods of analysis of the latter 
materials. That of Hartley and Runnicles' uses 
bromphenol blue as an indicator to detect when 
excess cation-active material has been added, while 
that of Preston’ uses a remarkable surface tension 
change to mark the end-point. Unfortunately, neither 
method of determining the equivalence point is com- 
pletely satisfactory. In the first case the colour 
change is not sharp, and in the second the point at 
which the surface tension change occurs is affected 
by the presence of inorganic salts. 

In this laboratory we have developed a new method 
of end-point detection which gives accurate and re- 
producible results even in the hands of relatively 
unskilled personnel and under a wide variety of con- 
ditions, and does not suffer from the above defects. 
The method is based on observations by Jones*. He 
showed that whereas the chloride of the basic dye- 
stuff methylene blue is insoluble in chloroform, the 
alkyl sulphate and related salts are freely soluble and 
may be extracted quantitatively from aqueous solu- 
tion by chloroform provided that the chain-length 
of the organic portion is sufficiently large. (This fact 
was made the basis of a colorimetric estimation.) 
However, the extraction is almost completely in- 
hibited if the aqueous phase contains a quantity 
of cation-active agent more than equivalent to the 
anionic material present. This is because the colour- 
less cetyl pyridinium alkyl sulphate is more soluble 
in chloroform and is extracted in preference to the 
methylene blue salt. The blue colour therefore 
remains in the upper aqueous layer. 

In the new titrimetric method, 10 ml. of an alkyl 
sulphate or other similar surface-active agent (approx- 
imately 0-004 M) is pipetted into a 250-ml. stoppered 
reagent bottle. 25 ml. of aqueous indicator solution 
containing 0-003 per cent methylene blue (B.P.), 
1-2 per cent sulphuric acid and 5 per cent sodium 
sulphate are added, followed by 15 ml. chloroform. 
A solution of cetyl pyridinium bromide (approxim- 
ately 0-004 M) is then added from a burette. After 
each small addition of the latter the mixture is 
shaken. At first the blue colour concentrates in the 
chloroform layer, but as the titration proceeds there 
is a slow transfer of colour to the water layer. Later 
the rate of transfer increases, and eventually the 
colour of the two layers is visually the same. This 
is found to be the equivalence point. On further 
addition the chloroform layer lightens in shade, and 
becomes colourless. 

The fact that the point at which the two layers 
have the same colour is the equivalence point has 
been exhaustively confirmed by titrating solutions 
of some pure sodium alkyl sulphates and many other 
similar substances of known purity with a cetyl 
pyridinium bromide solution, the strength of which 
had been determined by precipitation of its dichrom- 
ate salt with excess potassium dichromate‘. 

The end-point is surprisingly sharp and can be 
reproduced to 0-1 ml. after a little practice. It is 
not affected by the presence of excess inorganic salt, 
acids, moderate quantities of organic solvents, com- 
monly occurring temperature variations, or reason- 
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able departures from the experimental conditions 
described above. 

Substances with chain-lengths greater than C, can 
be determined accurately, but the longer the chain- 
length the sharper the end-point. Oil-soluble surface- 
active substances of very long chain-length insoluble 
in water can be determined by making up the 
standard solution in chloroform and proceeding as 
before, except, of course, that the volume of chloro- 
form solution added is measured accurately. Fatty 
acid soaps and substances having more than one 
ionizable group cannot be estimated by the method, 
but their presence does not interfere with its operation 
with materials to which the method otherwise applies. 

A full account of this work will appear shortly 
elsewhere’. 

I wish to thank the ‘‘Shell’”’ Refining and Marketing 
Co., Ltd., for permission to publish this work, and 
Messrs. P. J. Garner and S. L. Levy for helpful 
advice and suggestions. 

S. R. Epron 
Thornton Research Centre, 
P.O. Box No. 1, 
Chester. 
Aug. 10. 


A, 168, 424 (1938 
165 (1945) 


‘ Hartley and Runnicles, Proc. Roy. Soe 
* Preston, J. Soc. Dyers and Colouriats, 61 
* Jones, Chem. Abs., 39, 3951 (1945). 

* Preston, private communication. 

* Trans. Faraday Soc., in the press. 


Reaction of Nitrous Acid with Chlorophyll 


NirTrovs acid has been found to react readily with 
chlorophyll, giving four highly coloured crystalline 
compounds. The reaction was carried out as follows : 
10 gm. of chlorophyll (commercial powder) was 
dissolved in 300 ml. of chloroform and 200 ml. of 
3 per cent hydrochloric acid added ; 12 gm. of sodium 
nitrite in 50 ml. of water was then added, with 
vigorous shaking, over a period of half a minute. 
The chloroform layer, which underwent a striking 
colour change from green to dark red, was separated 
immediately and washed with water. Evaporation 
of the solvent left a crystalline mass (10 gm.) from 
which the compounds A, B, C and D were obtained 

Separation of the Products. A and D were adsorbed 
on activated alumina from a chloroform solution of 
the reaction products. On development with chloro- 
form, A formed a red band of its aluminium salt and 
D a yellow band. These bands were separated and 
the organic constituents obtained from them by 
boiling with dilute aqueous sodium carbonate, filtering 
and acidifying the filtrates. B and C were not ad- 
sorbed and were separated by means of boiling 50 per 
eent alcohol, in which B only was soluble. 10 gm. 
of chlorophyll gave: 1-1-5 gm. of A ; 3—5 gm. of B; 
1-5-2 gm. of C; and 0-03 gm. of D. 

Purification. A was purified by recrystallization 
from chloroform — absolute alcohol. B was either 
(i) dissolved in boiling N/5 caustic soda and re- 
precipitated with dilute hydrochloric acid, or prefer- 
ably (ii) sublimed at 100° C. (20-30 mm. pressure). 
C was crystallized from glacial acetic acid, and then 
further purified by crystallization from chloroform - 
absolute alcohol. D has not yet been obtained in 
pure form. 

Properties of the Reaction Products. The physical 
and chemical properties of the substances and the 
formule assigned to them are listed in the table. 
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Property A B Cc ) 
Colour Indian-red | Crimson | Indigo Am! Bs 
in reflect 
light, pale 
yellow- 
green in 
transmitted 
light 
Crystalline | Prisms Needles Needies Plat 
form 
Odour Odourless (| Smell like o- Odourless | Sm ike 
nitrophenol o-ni 
phe 
Volatility Non-volatile | Sublimes and | Non- 
steam- volatile 
distils | 
Melting 151-153" C. | 103-5-105° C. | 219-222 C. (18-25 | 
point (cor- | 
rected 
Solubility | Soluble Soluble Soluble Solu! 
in ordin- 
ary or- 
ganic 
solvents 
Solubility | Insoluble Insoluble Insoluble Insolut! 
in water 
Solubility Soluble | Soluble Insoluble Solu 
in alkalis 
Solubility | Soluble Soluble hot | Insoluble Insoly 
in 50 per 
cent 
ethanol 
Tauto- Acid-alkali | Acid-alkali No tauto- 
merism forms | forms merism 
observed 
Saltforma- Potassium | No salts No salts 
tion salt, no } | 
sodium 
salt, no | 
platini- | 
chloride | 
Reaction Mono-acetyl | Mono-acetyl | No acety! 
with derivative, | derivative, derivative 
acetic orange | deep orange 
anhydride prisms prisms, m.p. 
m.p. 113°5-| 76-79" C. | 
115° C, DD 


Formula CyugHisN sO, | CyH,.N,O 


CysH NO 
assigned rT 


c 
CysH,,NO 
(empirical 
formula) 


The compounds A, B and C appear to be tetra- 
substituted pyrrole derivatives. Further work on 
the structure of the compounds will be undertaken. 

This investigation originated from previous work 
in South Africa on Tribulus poisoning (‘geeldikkop’) in 
sheep, associated with symptoms of jaundice and 
photosensitization. Full details will be published in 
the Onderstepoort Journal of Veterinary Science and 
Animal Industry. 

M. L. SAPtRo 
Division of Veterinary Services, 
Onderstepoort, South Africa. 
Aug. 2. 


Occurrence of Microflora in the Salt 
Pseudomorph Beds, Salt Range, Punjab 


THE age of the Punjab Saline Series is still a vexed 
problem in Indian geology. Gee',?.*.4 and Fox‘, to 
whom we are indebted for much of our geological 
knowledge of this area, have assigned a ‘Cambrian 
or ‘pre-Cambrian’ age to this series. Sahni*’ and 
Sahni and Trivedi'®:'', on the other hand, from the 
evidence of such microfossils, for example, woods of 
conifers, cuticles of grasses, angiospermous wood 
elements, etc., and their repeated occurrence at 
widely different localities, are against a ‘Cambrian’ or 
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pre-( ambrian’ age. Two lively symposia were held 
in December 1944 and 1945 at Poona and at Udaipur, 
respectively, and a vast literature has accumulated 
on the subject®.*-?, 

In view of the great scientific importance of the 
problem a field-party of geologists visited critical 
sections in the Salt Range in 1944 and re-examined the 
field evidence in the light of the microfossil data. 
Their unanimous verdict is that an Eocene or later 
wwe for the Saline Series, as suggested by Sahni and 

irreconcilable with the field evidence, 
although they were unable to offer any explanation 
on the occurrence of minute plant fragments of ‘post- 
Cambrian’ age in the dolomites and oil shales". 

We are carrying out investigations on the Salt 
Range microfossils and have already examined several 
rocks from the Saline Series of the Dandot overfold, 
Makrach, Khewra and various other localities. 
Following the maceration technique, the microfossils 
recovered from these include: (1) scalariform 
tracheid of a certain pteridophyte, (2) bordered pitted 
tracheid of conifer, (3) vessels of angiosperms, (4) lib- 
riform fibres of higher dicotyledons, and (5) cuticles. 
Thus our findings are not all new in relation to the 
liscoveries of Sahni, and far from contradicting him, 
they firmly support his views regarding the occurrence 
of such plant-remains in the Saline Series. 

But the chief interest in our work lies in the 
occurrence of a few microfossils in the Salt Pseudo- 
morph Beds, which were so long regarded as unfossili- 
ferous. The argillaceous, fine-textured sandstones 
and sandy dolomite analysed from this series came 
from Chittidil, and the microfossils recovered are 
again mainly those which suggest a Tertiary age. 
The microfossils recovered from these Salt Pseudo- 
morph strata include wood elements of conifers and 
angiosperms, cuticles, spores, etc. The following is a 
provisional list. 


others, 18 


(a) Wood elements (seven types). Tracheids uni- 
sariate to biseriate with bordered pits (coniferous), 
and scalariform thickening with rays (pteridophytic) ; 
angiosperm vessels with alternate pitting, overlaid 
internally by tertiary thickenings (dicotyledonous) 
Fig. 1) or crowded and thus becoming angular due to 
lateral contact (Fig. 2); wood parenchyma with 
simple pitting and of isodiametric dimension (coni- 
ferous) or of longitudinal cells grouped in series. 
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(b) Cuticle (one type). . With sinuous wall and 
pitted cells and a single stoma, probably of grass 
(Fig. 3). 

(c) Spores (six types). Two-winged spores with 
variable bodies and wings (two types), and pollen 
grains with (1) prominent exine, (2) germ pores, 
(3) two-ribbed elliptic body, and (4) in tetrad. 


Further investigation is in progress, and a detailed 
note on the subject will be published later. 

Our thanks are due to Dr. E. R. Gee, of the Geolo- 
gical Survey of Pakistan, who was kind enough to 
send us ‘Salt Range’ rocks from his personal collec- 
tions for analysis. 

A. K. Guosu 
A. BosE 
Paleobotanical Laboratory, 
University College of Science 
and Technology, 
Calcutta. 
Sept. 22. 
'Gee, E. R., Curr. Sci., 2, 460 (1934). 
* Gee, E. R., Proc. 27th Ind. Sci. Cong., Pt. 4, 10 (1940). 
* Gee, E. R., Rec. Geol. Surv. Ind., 61, 144 (1943). 
‘Gee, E. R., Proc. Nat. Acad. Sci. Ind., B, 14, 269, 327 (1944); 16 
(1945), in the press. 


* Fox, C. S., Nature, 155, 258 
233 (1044). 
* Sahni, B., Nature, 153, 462 (1944). 
Sahni, B., Proc. Nat. Acad. Sci. Ind., B, 14, 49 (1944). 
* Sahni, B., Proc. Nat. Acad. Sci. Ind., B, 14, i-xxxi (1944). 
Sahni, B., Proc. Nat. Acad. Sci. Ind., B, 16 (1945), in the press. 
* Sahni, B., and Trivedi, B. 8., Nature, 154, 54 (1944). 
Sahni, B., and Trivedi, B. 8., Nature, 155, 76 (1945). 
* Bailey, E. B., Nature, 157, 360 (1946). 
" Coates, J.. ef al., Nature, 155, 266 (1945). 


1945); Proc. Nat. Acad. Sci., B, 14, 


Number of Self-Sterility Alleles 


IN a note in Nature of September 6', A. J. Bateman 
gives an interesting estimate of the number of 
S-alleles in a freely interbreeding population of self- 
incompatible plants, using the data of the late R. D. 
Williams’. In one sample of 25* plants, 36 alleles had 
occurred once only and 7 twice, while in a sample of 
22 from a second variety, 38 had occurred once and 
3 twice. 

If a is the frequency of occurrence of any allele 
in a sample of N plants, we have for the two varieties 


S {a(a — 1)} N(N — 1) 
First variety 14 600 
Second variety 6 462 
Together 20 1062 


Bateman, rightly in my opinion, calculates the 
ratio of the two columns, and finds in four times 
this ratio, or » 212-4, a reasonable estimate for 
the total number of alleles in each variety, when the 
evidence of the two samples is pooled, and if all 
alleles have the same frequency. The estimate by 
maximum likelihood is 197. 

He adds, however, a 5 per cent upper fiducial 
limit of 442 alleles, expressing the opinion that the 
error in the calculation due to the variance in the 
frequencies of the different alleles is unlikely to be 
large compared with the sampling errors. I do not 
think, on these data, that such an upper limit can 
be given, although the lower limit is not open to 
this objection. 

To take a simple model, if the frequencies of the 
different alleles were in geometric progression, with 
common ratio r, the expected value of 1/n, as cal- 
culated above, would be 
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(1 — r*) (1 + 2r*) 
21 + r*) (+r +r)’ 
even if the number of alleles were infinite. This 
gives an estimate for r between 0-990 and 0-991, 
so that the observed repetitions could be fully 
accounted for, even if the number of alleles were 
infinite (as in a finite population it cannot indeed 
be), provided the commonest alleles approach about 
1 per cent in gene frequency. 





R. A. FISHER 
Department of Genetics, 
University of Cambridge. 
Oct. 14. 


* Williams did not fully investigate one of these plants (No. 17), 
but for the purpose of this letter 1 have accepted the data as used 
by Bateman. 


* Bateman, A. J., Nature, 160, 337 (1947). 
* Williams, R. D., J. Genet., 48, 69 (1947). 


Sclerotinia Porri on Allium spp. in England 


Ware working at Cambridge, Mrs. R. H. Richens 
found that plants of crow garlic, Allium vineale, 
examined in June and July, were often attacked by 
a species of Botrytis. Cultures of this fungus, made 
on Dox’s agar in July 1946, have produced both 
Botrytis conidiophores and apothecia. 

The conidiophores were short and the conidia 
measured 8-17 u x 6—-llu, averaging 11-7u x 8-6n. 
Mature ascospores were hyaline, markedly elliptical, 
normally with oil globules at both ends, and measured 
11-25 u 6—-llu, the average being 17-0u 7-8u. 
The apothecia were large, up to more than 30 mm. 
in height and 12 mm. in disk diameter, and char- 
acterized by a dense mat of fine hairs over the lower 
portions of the stipes. The size of the apothecia 
varied with that of the sclerotia from which they 
grew, the largest being produced on large sclerotia, 
up to 15 mm. in length and 8 mm. in height. 

In culture, the fungus produced abundant raised, 
fluffy, white mycelium. Conidial production was late 
and sparse, and a few small sclerotia were produced, 
also after some delay. In addition, many cultures 
produced one or two large, raised, irregular, ‘con- 
voluted’ sclerotia. The mycelial felt was more pro- 
nounced and conidiophores almost absent in cultures 
on potato dextrose agar. 

Single-ascospore cultures produced conidia, con- 
firming the connexion between the Botrytis and the 
apothecia. Onions (Allium cepa) inoculated with the 
fungus developed a severe neck rot on which mycelial 
felt and sclerotia were predominant, conidia being 
few in number or absent. When inoculum which had 
been subcultured twice and carried in culture for 
three months was used, neck rot was not produced, 
indicating that the fungus may lose pathogenicity 
in culture. 

Both the Botrytis and the apothecial stages of this 
fungus agree in their characters with Sclerotinia 
Porri, recorded on leek seed by van Beyma Thoe 
Kingma'. This is thought to be the first record of 
that species in England and on Allium vineale. It is 
interesting to note, however, that the Botrytis stage 
also agrees with the published data for Botrytis 
byssoidea Walker*, which was recorded in England 
by Croxall and Pickford’. Walker states that this 
species loses pathogenicity in culture. It seems 
possible, therefore, that Sclerotinia Porri may be 
the perfect stage of Botrytis byssoidea, but further 
work will be necessary to determine this. 
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I am particularly indebted to Dr. W. A. R. Dillon 
Weston, who supervised this work, for much |velpfyj 
advice and guidance. My thanks are also cue to 
Dr. and Mrs. R. H. Richens for providing the diseased 
material, to Dr. A. Smith for suggesting that I should 


obtain it, to Dr. W. J. Dowson for advice and critic. 
ism, and to Prof. Johanna Westerdijk of [aarp 
for assistance in confirming the identity of the species, 


I also wish to acknowledge financial assistance from 
the Agricultural Research Council. 
James F. H. Crowns; 


y 
School of Agriculture, 
Cambridge. 
May 31. 
*Van Beyma Thoe Kingma, F. H., Meded. Phytopath. Lab. ‘Willi, 


Commelin Scholten’, Baarn (Holland), 10, 43 (1927). 

* Walker, J. C., J. Agric. Res., 33, 893 (1926). 

* Croxall, H. E., and Pickford, P. T. H., Rep. Agric. Hort. Res. Sts 
Long Ashton, Bristol, for 1943, 57 (1944). 


Embryology of Temnocephala nove. 
zealandiz Haswell 


Tue egg of Temnocephala nove-zealandie consists 
of a zygote surrounded by polyhedral-shaped yolk 
cells. First cleavage results in the formation of a 
macromere and a micromere. The macromere divides 
into another macromere and a micromere, and after 
this three-celled stage each cell divides evenly and 
repeatedly, producing a large number of macromeres 
and micromeres. These constitute the blastoderm 
and are centrally situated in the yolk mass, which 
now is a syncytium (Y). When fully formed, the 
blastoderm is also syncytial in nature, thus necessit- 
ating the description of its component cells as macro- 
nuclei (Ma) and micronuclei (Mi). Two germinal 
layers are recognized. The macronuclei give rise to 
the asophagus, intestine, reproductive organs and 
excretory apparatus and are regarded as belonging 
to the hypoblast (Hp). The micronuclei give rise to 
the nervous system, pharynx and body-wall and ar 
regarded as epiblastic (Zp). 

The gastrula stage is characterized by the formation 
of an endoceele (Zn). This cavity is presumably 
homologous with the archenteron, because it is the 
first cavity formed in the embryo of two germinal 
layers, it is hypoblastic, it afterwards forms the post- 
epiblastic portion of the alimentary canal and is 
persistent throughout the life of the animal. 





PORTION OF A TRANSVERSE SECTION OF AN EGG OF Temnocephala 
nove-zealandia SHOWING THE EMBRYO AT THE GASTRULA STAGE 
WITH THE ENDOGELE NEARING ITS MAXIMUM DEVELOPMENT 


Fn, endocele; Ep, epiblast; Hp, hypoblast; L.Hp, lateral 
hypoblastic band; Ma, macronucleus; Mi, micronucleus; Y, yolk 
syncytium 
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At its maximum development the endoccele extends 
for one third of the length of the egg, and at this 
stage organ-rudiments appear. Well-defined regions 
of hypoblast lie one on either side of the endoccele 
(L.Hp) and one on the ventral side. The epiblast 
partially segregates into a region anterior to the 
endoceele, another on its antero-ventral aspect and 
a third ventral to the ventral hypoblastic band. The 
three hypoblastic bands extend posteriorly to form 
the reproductive organs, while anteriorly they de- 
velop into excretory system rudiments. The ventral 
epiblastic band forms the body-wall by the migration 
of its cells through the yolk to the periphery of the 
egg. The anterior epiblastic region is the nervous 
system rudiment and the antero-ventral region is the 
pharyngeal rudiment. 

The endoceele now undergoes marked reduction 
in size and the pharynx develops a large lumen. 
These two cavities unite and the endocele thus 
becomes the cesophagus. Cells from the wall of the 
cesophagus proliferate and form an intestinal wall 
enclosing most of the remaining yolk material. At 
hatching, all internal organs have developed into a 
functional state except the reproductive systems. 

A fuller account is being published elsewhere. 

Roy A. HARRISON 
Zoology Department, 
Victoria University College, 
Wellington, New Zealand. 
Aug. 6. 


Coiling of Wool Induced by Certain 
Reagents 


DvuRING some investigations regarding twist in 
wool, some observations worth describing were made, 
though no explanation can be offered. 

If a Merino wool fibre 4 in. long is anchored at 
each end and allowed to lie loosely in a horizontal 
position in a Petri dish in water, nothing obvious 
results. If the water is replaced with 1 per cent 
caustic soda (20°C.) several phenomena may be 
observed. Thus: (1) within 1 min. the original 
crimp disappears and the fibre appears ‘lank’; (2) it 
goes into about three coils per inch within 3 min. ; 
(3) it goes into fine turns within 8 min. ; (4) it winds 
up more closely, averaging 15-20 turns per inch by 
15 min., after which no further action is observed ; 
(5) the direction of the coil reverses here and there 
along the dength of the fibre. 

No similar phenomena were observed in acid 
solutions. 

If, after immersion for 15 min. in 1 per cent sodium 
hydroxide, the fibre is transferred to water or acid, 
the coils unwind ; they reappear when the fibre is 
replaced in the sodium hydroxide solution. But if 
the period of immersion is two hours or more, the 
coils do not disappear in acid or water. 

Human hair, produced in a relatively straight 
follicle, does not coil in a solution of 1 per cent 
sodium hydroxide; primary wool fibres, produced 
in relatively spiral follicles, go into large coils ; 
secondary wool fibres, which come from coiled 
follicles, go into very close coils. No closer correlation 
has yet been made on this point. Wools of 
breeds other than the Merino behave similarly in 
all these respects but are less predictable as to 
behaviour. 

It was found that under zero tension there was a 
2-3 per cent decrease from the original length after 
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immersion for 15 min. in 1 per cent caustic soda. 
If this were prevented for 24 hours by anchoring 
the fibre in the caustic soda at its original length, it 
will not assume fine coils when, afterwards, the ends 
are moved closer together, but it goes into a few 
irregular large coils. 

Large irregular coils resulted from using the 
following solutions at 20°C.: 1 or 3 per cent pot- 
assium cyanide, 1 per cent sodium thioglycollate, and 
0-125 and 0-33 per cent sodium sulphide and 0-88 
S.G. ammonium hydroxide. 1 per cent potassium 
hydroxide gave results similar to 1 per cent sodium 
hydroxide, but barium hydroxide was not effective 
in this respect. 

Merino wool in 1 per cent sodium sulphide (an- 
hydrous salt) at 20° C. was then studied under similar 
conditions. In this solution the fibres immediately 
straighten out and remain straight for 1 min. They 
assume large coils within 3 min., and are very closely 
coiled in 6 min. (if transferred to water at this stage 
these coils disappear but reappear when again im- 
mersed in the sulphide solution), and 10 min. after 
immersion they again straighten. The fibres once 
more wind up into very fine coils 15 min. after 
immersion and may then disintegrate. The lengths 
of six Leicester fibres, which at no stage have been 
under tension, had increased finally in 1 per cent 
sodium sulphide between 33 and 56 per cent, aver- 
aging 47 per cent. 

The action of 1 per cent caustic soda may be due 
to a high pH, and the further reactions of 1 per cent 
sodium sulphide may be due to subsequent reduction. 
Treatment of fibres with 1 per cent caustic soda for 
15 min., followed by a wash in water which causes 
them to uncoil, and subsequent immersion in 1 per 
cent sodium sulphide resulted in the characteristic 
coiling, straightening and further coiling that has 
been described for 1 per cent sodium sulphide. Treat- 
ment of fibres with 1 per cent sodium sulphide until 
the first coiling has been completed (6 min.), followed 
by a wash in water and immersion in | per cent 
caustic soda, caused coiling similar to that previously 
permitted for these fibres in the 1 per cent sodium 
sulphide, but no subsequent straightening or further 
coiling as would be the case were sodium sulphide 
used finally instead of 1 per cent caustic soda. Treat- 
ment of fibres for 6 hours with 1 per cent caustic 
soda did not prevent them when afterwards immersed 
in 1 per cent sodium sulphide from straightening out 
and then coiling as described earlier. Such fibres, 
however, did not disintegrate and would bear weights 
of 0-1-0-2 gm. without undue stretching. This is in 
marked contrast to the eventual gelatinous nature 
of wool immersed in 1 per cent sodium sulphide with- 
out previous prolonged treatment with 1 per cent 
caustic soda. It is evident that the prolonged action 
of the 1 per cent caustic soda makes the wool resistant 
to the disintegrating action of 1 per cent sodium 
sulphide. 

Obviously, further fundamental chemical, physical 
and histological studies must be completed before 
attempting to explain the phenomena described. 
The purpose of this note is to direct the attention of 
other workers to these facts so that they also may 
investigate what are indeed some very peculiar 
characteristics of wool. 

MarTIn R. FRENEY 
Australian Council for Scientific 
and Industrial Research, 
314 Albert Street, 
East Melbourne. 
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ANTITUBERCULAR ACTIVITY OF 
DIPHENYL ETHERS AND RELATED 
COMPOUNDS 


By Dr. VINCENT C. BARRY, L. O’ROURKE 


AND 


D. TWOMEY 
Department of Chemistry, University College, Dublin 


N a previous communication in Nature', the inhib- 

itory effect of soluble diploicin derivatives on 
the growth of the tubercle bacillus in vitro was 
described, and it was suggested that simpler diphenyl 
ether derivatives might also exhibit antitubercular 
properties. We have now prepared a variety of 
diphenyl ether derivatives as well as some related 
compounds in which the oxygen link has been 
replaced by —O(CH,)n—, >CO, etc. Several of these 
comparatively simple compounds are much more 
active than derivatives of diploicin. This activity 
against Mycobacteria is also shared by diphenylene 
oxide derivatives. 

The first group of compounds examined by us were 
of the type I, where X represents a solubilizing group, 
for example, 


NH 
OH, COOH, 80,0H, a 


, NH,. 


All the compounds of this type inhibit the growth of 
Mycobacteria in nutrient broth, but by far the most 
active were p-hydroxydiphenyl ether and p-amino- 
diphenyl ether (as the hydrochloride) which com- 
pletely inhibits Myco. smegmatis at 1/100,000 and 
Myco. tuberculosis for six weeks at 1/35,000, while the 
para sulphonic or carboxylic acid derivative (X = 
—S0,O0H or —COOH) showed no inhibition at 
1/1,000. When the solubilizing group occupiés the 
position ortho to the ether link, the activity is much 
reduced (II): thus 2-amino diphenyl ether (hydro- 
ey completely inhibits the tubercle bacillus at 
1/10,000. 


O-O1 OO 


The substitution of two polar groupings in the para 
positions of diphenyl ether leads to molecules with 
low antitubercular activity. 


m(_>-0-< mm 


1/4,000 


noon, >-0-< > 


1/6,000 


On the other hand, the introduction of a halogen atom 
into the second benzene nucleus in I or IT produces 
compounds with considerably enhanced activity in I 
but not in II, as shown. 
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a 0 <m 
1/110,000 
Dm 
me 1/150,000 
Cl< “a mon, Z 


1/15,000 


Halogen substitution will not, however, lead to active 
molecules if two amino-groups are present in one 
benzene nucleus. Two halogen atoms in the unsub- 
stituted ring of I give a very active compound. 


cl¢ > —O—<¢ NF, 
1 NH, 


1/20,000 


cl 
ag )-0~< SNH, 
ee 
ra NH, 


" 1/25,000° 


wel egg 
\ 
Ul 
1/600,000 


The effect of a further increase in the degree of 
halogenation on the antitubercular activity of these 
compounds is, at least at the moment, unpredictable. 
Thus the substitution of three halogen atoms in one 
benzene ring or divided between the two rings in I 
leads to strongly active molecules which may, how. 
ever, differ considerably in activity. 


Cl 
ac >-0-< ms 
Cl 


1/250,000 
t 
ae » <)> NH, 
1/228,000. 
cl 
ag >< 
re 


1/1,000,000 


Again, a compound with four halogen substituents 
may show on the whole a comparable activity. 


Cl 
a“ > NH, 
Cl Cl 
1/1,000,000 


While it is not safe at this stage to make any final 
deductions relating structure and antitubercular 
activity in these highly halogenated compounds, it is 
noteworthy that a more symmetrical disposition of 
halogens may not occur in the molecules possessing 
greater inhibitory activity. 
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The enhancement of biological activity consequent 
on the introduction of halogen atoms is not confined 
to arnino-diphenyl ethers but occurs also with other 


derivatives. 


J yim » COOH 
a 
inactive at 1/1,000 
1g » oO ‘COOH 
~~" 1/75,000 
( : 5 —O— Sou 
' 1/100,000 _ 
ax »- nf 5m 


— 1/300,000 


Replacement of the amino- by the amidino-group in 
I weakens the antibacterial activity. Chlorinated 
derivatives of amidino-diphenyl ether are at present 
being examined. These compounds were kindly 
placed at our disposal by Dr. A. J. Ewins, director of 
research to May and Baker, Ltd. The effect of 
substituting other groups in I and II has been 
examined to a limited extent but will not be dealt 
with here. Walter has examined’ a large number of 
hydroxydiphenyl ethers for antibacterial properties. 
The test organisms employed in his case were Staphylo- 
coccus aureue and Bact. coli, and none of his com- 
pounds contained aromatic amino-groups. In his 
derivatives, the oxygen link could be replaced by S, 
Se, NH or CH, while still retaining the same order 
of biological activity. We have not yet tested 
adequately similar modifications of our molecules. 

It is of interest that compounds of the type shown 
in ITT also display considerable antitubercular activity. 


< r —(CH,) i NH, 


The compound derived from phenylethyl alcohol 
(n = 2) has an inhibitory dilution of 1/150,000. This 
compound is of peculiar interest, as Goris and Sabetay 
have recently reported’ the isolation of phenyl ethyl 
alcohol from tubercle bacilli and have attributed the 
characteristic odour of the bacilli, at least in part, to 
the presence of this substance. The effect of intro- 
ducing halogen atoms into the benzene nuclei in this 
series has not yet been tested. 

Antitubercular activity extends also to simple 
derivatives of diphenylene oxide (IV). Marshak has 
recently described‘ the isolation of a yellow crystalline 
substance from the lichen Ramalina reticulata. He 
has shown that this substance inhibits the growth in 
vitro of Myco. tuberculosis and exercises a suppressive 
effect on tuberculous infection in guinea pigs. While 
Marshak calls this substance ‘Ramalina crystals’, the 
analyses and properties of the substance as given by 
him correspond closely with what would be expected 
for usnic acid. (These views have been communicated 
privately to Dr. Marshak, who has confirmed the 
identity of his material with usnic acid®.) It has been 
shown in this laboratory that usnic acid does inhibit 
strongly the growth of Myco. tuberculosis in vitro and 
that it retains to a considerable extent this activity 
in the presence of 5 per cent human serum. From 
the structure shown, which was suggested tentatively 
by Curd and Robertson’, it will be seen that usnic 
acid has the skeleton structure of a diphenylene oxide 
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derivative. This fits in remarkably with our exper- 
ience of compounds of this type. 2-Amino-diphenylene 
oxide in the form of its hydrochloride inhibits the 
growth of the tubercle bacillus at 1/100,000, while its 
monochlorinated (or brominated) derivative (IV) 
causes complete inhibition at 1/400,000 and partial 
inhibition at 1/1,000,000. The position of the halogen 
atom in IV has been established’. 


OH 
C.0H JN 
Vi \ ae 
H,ccoc HOC = 
| | 
oc Cc lo 
. Gv JOH 
CH -... a 
CO.CH, 
Usnic acid 
1/500,000 
P ai 
cy 
I 
if Sa Se NE 
\A Oo 4 
IV 
1/400,000 


This account gives some idea of the remarkable 
antitubercular activity exercised in vitro by these 
relatively simple compounds. It will not be possible, 
however, to draw final conclusions as to the relation- 
ship-existing, in these related series, between consti- 
tution and anti-tubercular activity until a very great 
number of compounds has been prepared and 
examined. 

This investigation is being conducted under the 
auspices of the Medical Research Council of Ireland, 
and the biological tests were carried out by Dr. P. A. 
McNally, Trinity College, Dublin, to whom grateful 
acknowledgment is made. 

’ Barry, Nature, 158, 131 (1946). 

* Walter, “Festschrift Emil C. Barrell’’, Basel, 266-283 (1936). 
* Goris and Sabetay, C.R. Acad. Sei., Paris, 228, 933 (1946). 

* Marshak, U.S. Public rr » naman 62, 3 (1947). 


* Note added in proof. ht A Stoll, Brack and Renz 
ao. 7 3 (3), me: wit ), Ee results are recorded 


* Curd and Robertson, J. Chem. Soc.. 898 (1937). 
* Cullinane and Padfield, J. Chem. Soc., 1131 (1935). 


APPLICATION OF FILTER PAPER 
PARTITION CHROMATOGRAPHY 
TO RADIOACTIVE TRACER 
STUDIES 
By Dr. R. M. FINK, Dr. C. E. DENT* 


AND 


K. FINK 


Departments of Radiology and Pathology, University of 
Rochester, Rochester, New York 


HE filter paper chromatographic procedure 

developed by Consden, Gordon and Martin" has 
proved to be very usefui in the qualitative and semi- 
quantitative analysis of amino-acid mixtures, and 
appears to have possibilities for extension to a variety 
of other compounds’. 


* Rockefeller Fellow on leave of absence from University College 
Hospital, London. 
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It was believed that the technique would also be 
useful if it could be applied to the study of the 
metabolic fate of compounds labelled with radioactive 
isotopes. Radio-iodine (I'', half-life 8-0 days) was 
immediately available and seemed a _ reasonable 
choice of isotope for testing the feasibility of using 
paper chromatography in conjunction. with radio- 
autography, since it gives off a moderately penetrating 
beta ray (0-6 Mev.), and a reasonably large proportion 
of the dose can be recovered in the small amount of 
tissue hydrolysate that has to be used in order to 
avoid overloading a paper chromatogram. A pre- 
liminary test in which carrier-free radio-iodide alone 
was run through the chromatographic-radio-auto- 
graphic procedure indicated that even extremely 
minute amounts of material could be handled success- 
fully by paper chromatography. 

In order to test the procedure in a biological 
experiment, 250 microcuries of carrier-free I**! was 
administered intravenously to each of two normal 
adult rats. After 24-48 hours the rats were killed 
and the thyroids removed and hydrolysed with 
barium hydroxide in the manner usually employed 
in the determination of di-iodotyrosine and thyroxine. 
An aliquot of the neutral hydrolysate containing 
about 50 ugm. of total nitrogen was taken and run 
on a phenol/collidine two-dimensional paper chromato- 
gram. A duplicate with added di-iodotyrosine, 
thyroxine and potassium iodide was treated similarly. 
A further chromatogram was run with only I** 
present, as a control on the possible formation of 
iodinated compounds with the solvents. Similar runs 
were made on the one-dimensional paper strips, using 
various solvents. From each of the papers a radio- 
autograph was finally taken by placing the chromato- 
gram, with only a sheet of ‘Cellophane’ intervening, 
against an X-ray film for up to seven days. The 
substances containing radio-iodine showed their 
presence on exposing the adjacent area of film. The 
papers were finally developed to show up the amino- 
acids and iodides. Ninhydrin was used for the former, 
and silver nitrate, followed by washing and exposure 
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to light, for the latter. The added di-iodotyrosin, 
and thyroxine could be readily picked out on th 
basis of their positions as determined from chromato. 
grams of the pure compounds alone. It was an easy 
matter to determine, by superposition of the X-ray 
film on the developed chromatograms, the corr. 
spondence or otherwise between the spots on the 
film and those on the paper. Examples of the radip. 
autographs are shown in Figs. 1 and 2. 





Fig. 1 is a radio-autograph of the two-dimensiona) 
chromatogram of hydrolysate of rat thyroid glang 
48 hours after a tracer dose of I***. The material 
was placed at the lower right corner. Pheno! wag 
first run from right to left and then collidine in ap 


upward direction. The strong spot, marked | 
the accompanying tracing, corresponded to the 
position of the bulk of the inorganic iodide; the 
weaker spot slightly above and to the left of it is 
usually seen and has not been identified. The 
thyroxine added to the hydrolysate as a marker 
went to the region of low radioactivity marked by 
the number 2, indicating that little, if any, raidlio. 
iodine was present in the thyroxine 48 hours after 
the iodine injection. The diffuse dark region t& 
the left and above this is probably a solvent artefact, 
as it is also found when racio-iodide is run alone on 
the chromatograms. It corresponds also to the 
region where a visible yellow colour is formed from 
oxidation of the phenol used as the first solvent 
The dark spot No. 3 corresponds exactly with 
di-iodotyrosine. Nos. 4, 5 and 6 are unknown [™. 
containing substances. The two streaks, 7 and §, 
have been constantly seen so far. It is difficult to 
understand what has produced them. They occur i 
the midst of the known amino-acids of the hydro! 
lysate. All the well-defined radioactive spots are well 
clear of the positions of the common amino-acids, 
The rat killed after 24 hours gave similar results. 





Fig. 2 is a radio-autograph of two one-dimensional 
chromatograms. The upper one was run with phenol 
and the lower with collidine. The pinholes at the 
left indicate the starting point and those at the right 
the extent of the boundary travel. In each strip, 
1 corresponds to the position of inorganic iodide, 2 to 
thyroxine, and 3 to di-iodotyrosine. It is seen that 
in collidine the thyroxine and the iodide run to the 
same position. The other bands are due to unknown 
substances. 

The radio-autographs therefore indicate definite 
spots of radioactivity at the positions taken by in- 
organic iodide and di-iodotyrosine, little, if any, radio- 
activity at the spot corresponding to thyroxine, 4 
diffuse background of radioactivity in one corner 
similar to that obtained from a chromatogram of 
sample of the I** injection solution alone, and several 
spots of radioactivity from unidentified substances. 
These unidentified spots have appeared consistently 
and in similar relative strengths in six two-dimensional 
chromatograms from the thyroid glands of the two 
rats. There can thus be little doubt that they repre- 
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gent chemical individuals, though whether they were 
originally present in the thyroid or were formed during 
subsequent treatment of the tissue has yet to be 
determined with certainty. 

In any event the results obtained in this first 
experiment make it appear likely that with further 
improvements in technique a valuable new tool for 
the study of intermediary metabolism will be estab- 
lished. The final elucidation of the possible signi- 
fieance of these data with respect to thyroid physiclogy 
will probably require more work than we are in a 
position to undertake in the immediate future. It is 
for this reason, and with the hope that the technique 
may be of value to other investigators, that the 
results are being reported in the present incomplete 
form. 

Consden, Be, Gordon, A. H., and Martin, A. J. P., Biochem. J., 38, 
224 (1944). 

* Dent, C. E., Biochem. J., 41, 240 (1947). 

' Partridge, 8. M., Nature, 158, 270 (1946). 





BRITISH SOCIAL HYGIENE 
COUNCIL 


INTERNATIONAL SCHOOL IN SOCIAL 
BIOLOGY 


‘T“‘HIS year the British Social Hygiene Council 

held its first international school in social biology 
at Berne, Switzerland, during August 21—September 4. 
The school was attended largely by teachers and 
welfare-workers, most of whom came from Great 
Britain, although a few from other nations gave 
enhanced interest to the proceedings. It was planned 
to be a blend of work and pleasure, the first week 
being devoted to regular lecture-sessions, and the 
second to excursions and personal recreation. The 
members were housed in groups in various hotels 
in Berne, while all meetings were held in the 
University buildings, where lecture-room accom- 
modation had been placed at the Council’s disposal 
free of cost. 

The lectures and discussions were held in English. 
For the ordinary morning sessions the Council took 
out a staff from England; during the evenings the 
School had the privilege of hearing addresses by 
Swiss men of science and social workers. Prof. P. B. 
Medawar gave a series of lectures concerned with the 








principles of pure biology. In succession, he spoke 
on “Growth”, “The Theory of Evolution from a 
Modern Standpoint”, “‘Ageing in Individuals’, and 
“Adaptation and Directive Behaviour”. He was at 
pains to emphasize the comparative aspects of organic 
development, which he interpreted on modern genet- 
ical lines. Everyday problems of psychology at 
different stages in life were presented in four lectures 
by Dr. Mary Smith. Her subject-matter formed an 
integrated whole which served to give those who had 
had little previous experience of psychology a clearer 
understanding of its scope and method as well as 
insight into individual problems of their own. 
Reflecting more directly the particular outlook of 
the British Social Hygiene Council, Mr. R. Weatherall 
spoke on “The Creative Mission of Social Biology”’, 
“The Human Family in a Changing Environment”’, 
“Some Implications of Modern Concepts of Race”’, 
and “The Human Aspects of Evolution”. In choosing 
these subjects for his lectures his intention was to 
direct interest to broad problems of public concern 
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in which social biology finds important applications 
which cannot be ignored. Further individual lectures 
were given by Miss M. M. West on “The Public 
Health Nurse and the Family Unit’’, and by Miss 
J. E. R. Kennedy on “The Police Court and the 
Community’’. Two informal Sunday meetings on the 
relationships between social biology and _ spiritual 
values led to a useful exchange of views, but served 
to show that on such a wide subject and without 
outside direction the method of open discussion does 
not take one very far. 

Among the visiting speakers, the British Social 
Hygiene Council owes a special debt of gratitude to 
Dr. H. Reviiliod for his invaluable help and advice. 
In his address on ‘‘Some Ways of Facing Social Evils 
in Switzerland’ he explained how through careful 
organisation his country had been shielded from 
serious epidemics of infectious disease throughout all 
the disturbances of the war-time years. He referred 
to very satisfactory results now being obtained in 
the treatment of tuberculosis, and to the advantages 
of occupying the patients with gainful work. He 
also referred to the change in public attitude towards 
drunkenness in Switzerland, where even in the penal 
code it is recognized that heavy drinkers are sick 
members of society and in need of special care. His 
lecture ended with a description of the great success 
which has been attained in the prevention of endemic 
goitre by the addition of small amounts of potassium 
iodide to household salt. In earlier times the disease 
was very widespread in certain areas, giving rise to 
many cretinous and backward children, a number of 
whom were mute and deaf; now among young 
children it has disappeared. 

Dr. St. Zurukzoglu contributed a paper on “Social 
Psycho-Hygiene”. It was interesting to find that 
quite independently and through his own work he 
has arrived at a conception of social biology similar 
to that of the British Social Hygiene Council. In his 
view, organic factors, heredity, environmental in- 
fluences and psychological dispositions were all con- 
tributory agents in the causation of disease. To cure 
the spiritually sick seemed to him as important as 
to heal the physically unwell, and he called for a 
medical pastoral service to work alongside that based 
on religion. 

Dr. E. R. Frey of the Staatsanwalt gave a partic- 
ularly stimulating address on “‘Biology and Juvenile 
Delinquency”. Basing his argument on the theme 
that the treatment of juvenile delinquency is the 
foundation for all prevention of crime, he made 
it clear that only about 25 per cent of young offenders 
grow up into confirmed criminals. Members of this 
special group show serious abnormalities of a psycho- 
logical nature and are often of low mental ability 
at the same time. As predisposing influences in the 
causation of crime, constitutional factors seem much 
more important than environmental conditions. The 
conclusion to which Dr. Frey’s thesis led was that the 
treatment of young offenders should be based upon 
their biological circumstances and not upon the 
nature of their deed. 

During the School, and in addition to excursions 
to some of the scenic attractions of Switzerland, visits 
were paid to certain departments of the hospital 
quarter at Berne, Kindergarten and other educational 
institutions, a housing estate, the international 
Pestalozzi school for refugee children at Trogen, the 
cantonal agricultural school at Riiti, and La Nuch- 
tern, a home for the treatment of drunkards. Through 
the kind offices of Dr. V. J. Steiger, members of the 
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School were also able to see two films, the first dealing 
with the problem and treatment of drunkenness in 
Switzerland, and the second with the utilization of 
fruit, either in a fresh or preserved state, for human 
consumption or as a source of unfermented juices 
which can be made into most attractive drinks the 
popularity of which is increasing year by year. 
R. WEATHERALL 


CO-OPERATION IN BOTANICAL 
RESEARCH 


R his presidential address to the Botanical 

Society of America (December 28, 1946), Dr. 
I. W. Bailey, chairman of the Institute for Research 
in Plant Morphology at Harvard University, selected 
the theme of “Co-operation Versus Isolation in 
Botanical Research”’ (Chronica Botanica, 11, 1947). 

In a world subject to profound and drastic changes, 
Dr. Bailey considers it inevitable that botanical 
science must also be affected, particularly the older 
branches of the subject. To quote his own words, he 
raises “the challenging question, what roles should 
taxonomy, anatomy, palzeobotany and other phases 
of morphology be expected to play in future develop- 
ments ?’.. A whole book could be devoted to the 
answer. Certainly the way has been prepared for a 
brisk and lively discussion. 

“There are, of course, two extreme views regarding 
the matter. On the one hand, there are individuals 
who believe that these largely descriptive disciplines 
are moribund, if not actually over-ripe for interment, 
and that funds now dissipated for their support 
should be diverted into productive ultra-modern, 
experimental channels. On the other hand, there are 
those laissez-faire individuals who naively assume 
that civilization must continue to support their 
endeavours regardless of how unproductive their 
viewpoints and methodologies may have become. 

“The latter individuals are living in a dream 
world of their own creation which is destined sooner 
or later to be rudely shattered. The former individuals 
fail to visualize the extreme complexity and vari- 
ability of biological phenomena, and thus overlook 
or ignore numerous significant morphological variables 
in their experimental material.” 

In the first place, he asks if the extensive morpho- 
logical researches of the last hundred years have not 
provided sufficient data to serve the purposes of 
contemporary and future experimental disciplines, in 
particular, those of the physiologist, the biochemist 
and the biophysicist. When these workers turn to 
the standard texts, can they find in them the informa- 
tion which they require? Dr. Bailey replies in the 
negative, and in this he will be supported by most 
botanists who have given thought to the matter. 
Many of the supposedly fundamental ideas of plant 
anatomy are inadequate, based as they were on 
researches undertaken in relation to phylogenetic 
questions. An impartial consideration of almost any 
of the major problems of contemporary interest will 
reveal how much scope still remains for morphological 
inquiry. To quote Dr. Bailey: “It is evident that 
significant progress in the solution of important 
botanical problems is being retarded by inadequacies 
of existing morphological data and by the unquestion- 
ing acceptance of unreliable generalizations”. He 
then asks how these difficulties are to be avoided in 
the future, and emphasizes the dangers and draw- 
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backs of premature specialization in instruction ang 
research. “This encystment of botany in specialized 
subdivisions enco ture and excessive 
generalizations from limited induction and tends to 
inhibit unified attacks along broad fronts, such as 
are essential for the solution of the more complex 
and difficult types of botanical problems.” Th, 
solution of any of the major problems of biology 
requires the close co-operation of workers in di'ferent 
fields and a harmonizing of the data of the sovera! 
contributory disciplines. Various means are available 
whereby co-operation can be encouraged, but as to 
how the latter aim is to be achieved Dr. Bailey is 
rather less specific. The magnitude of the task is 
oppressive : in practice it will call for the sustained 
activities of a team of workers. Yet, as experience 
teaches, major biological syntheses depend on the 
special qualities and capacities of particular indivi. 
duals, and these, apparently, are of rare and sporadic 
occurrence. 

Morphologists, whether adherents of old or new 
conceptions, are not alone in being scourged by Dr. 
Bailey. “If one probes deeply into the applications 
of physics and chemistry in the analysis of plant 
materials one likewise finds evidences of premature 
and excessive generalization from restricted view- 
points. I have encountered this tendency in exagger- 
ated form in chemical analysis of plant tissues and 
particularly in physical and chemical investigations 
of the walls of plant cells. The specialist in specific 
physical and chemical methodologies is likely to run 
astray unless his deductions are verified by individuals 
who are thoroughly familiar with the full complex 
of structural variables in a wide range of plants.” 

But Dr. Bailey is by no means pessimistic in his 
outlook for plant morphology. He views with 
confidence a future in which taxonomy, anatomy 
and other morphological disciplines will be stimulated 
and broadened by close contact with one another 
and with other branches of the science. The result 
should be a closer approach to the solution of the 
central problems of biology. “To facilitate such 
mutually beneficial relationships, it is essential to 
break down existing emotional and _ intellectual 
barriers."" The morphologist must recognize the 
limitations of his own techniques and appreciate the 
assistance which other disciplines can afford him in 
solving problems in his own particular field. “He 
must acquire sufficient familiarity with chemistry 
and physics to enable him to talk intelligently with 
workers in other disciplines.” In emphasizing this 
point, Dr. Bailey’s observations are no doubt pertinent 
in relation to some of the research institutions in the 
United States: in a majority of British universities, 
a reasonable knowledge of chemistry and physics is 
now regarded as an essential preparation for botanical 
studies. 

A particular interest is attached to that section of 
the address in which Dr. Bailey attempts to show 
how co-operation between the different subdivisions 
of botany is to be achieved. “It cannot be coerced or 
developed directly by administrative fiat. It must 
arise naturally and more or less spontaneously or 
not at all. The wisest and most effective procedure 
should be to create a general environment that 
encourages rather than inhibits co-operative efforts.” 
To some extent this can be achieved by wise adminis- 
tration, particularly by making suitable appoint- 
ments and the judicious allocation of funds. An 
allocation of funds which tends to encourage excessive 
diversification and specialization and which favours 
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“unbridled individualism” is to be deplored. “Such 
policies may yield spectacular and highly significant 
results during the pioneering stages of a new trend 
of specialization, but frequently leave a large residue 
of injurious consequences, and do not create a general 
environment favourable for co-operative endeavours. 
I do not imply by this that one should make a fetish 
of team-play or that the lone wolf and the prima 
donna should be eliminated and replaced by amiable 
mediocrities, but rather that the training of graduate 
students should be broadened and that where 
individuals of recognized ability wish to co-operate 
in research, funds to encourage such relationships 
should be available. . . . We must now strive in 
botany as in national affairs to prevent a reversion 
to isolation and to intellectual encystment.” 

Even in the larger universities in the United 
States it is not anticipated that extensive schools 
of research in all the subdivisions of botany can be 
supported. Dr. Bailey advocates that each university 
department should develop strength in particular 
directions and that students should be free to move 
from one university or institution to another according 
to their special interests. 

In concluding, Dr. Bailey considers how the funds 
available for botanical research can best be used. 
One of the methods commonly adopted is to give 
handsome support to one or two leading individuals 
who have established a reputation in a particular 
field. This he regards as possibly the easiest and 
least expensive way for some institutions; it may 
even be the easiest and least expensive way of 
advancing the frontiers of science. But other possi- 
bilities should not be overlooked. Policies of the 
kind mentioned above commonly lead to narrow 
specialization and they ‘“‘tend to inhibit attacks 
upon major biological problems which require the 
concatenated efforts of different disciplines for their 
solution”. In their more exaggerated forms, they 
may in time create such a complex of competitive 
subdivisions as to render impossible the integration 
of the data of the several branches. Botanical 
science must inevitably suffer from the attendant 
disruption. C. W. WaRDLAW 


No. 4075 


FORMULA AND BRAIN WEIGHTS 


ROF. E. W. COUNT" has recently examined the 

various formule which have been suggested for 
expressing the relationship between brain-weight and 
body-weight in vertebrates, and has also introduced 
a new formula. In his extensive study he states that 
his objects are: ‘“(1) to formulate the growth 
behaviour between brain and body weights in human 
ontogeny, (2) to find any traits in common with other 
Primates and Mammalia, (3) to formulate analogous 
behaviour in comparative anatomy; and (4) to 
search for any connexions between ontogeny and 
comparative anatomy”. His paper is divided into 
five sections: (1) is introductory, discussing method 
and terminology; (2) deals with the data and 
formule from the point of view of ontogeny; (3) 
discusses the comparative anatomy problem, includes 
an extensive criticism of previous work and intro- 
duces the author’s new formula; (4) attempts to 
relate the ontogenetic results to the phylogenetic ; 
and (5) is a . The paper concludes with an 
extensive bibliography and a number of tables of 
data. 
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If we denote brain-weight by y, body-weight by z, 
and parameters by a, 6, c, Prof. Count’s main con- 
clusions appear to be as follows : 

(a) Ontogenetically, in both fetal and post- 
infantile stages, the relationship y = ax? will hold. 

(6) Phylogenetically, for mammals the relationship 
is, y = aetcz?; for reptiles y = aebt + cr8, The 
form log y = loga + blogz + c (log z)* is termed the 
‘cephalization function’. 

(c) If the intersection of the reptilian cephalization 
exponent with the general mammalian exponent is 
taken as a new origin, then the mammalian exponent 
may be considered as a transformation of the reptilian. 

(2d) Increase in absolute body-size is requisite for 
higher cephalization. This latter term is nowhere 
clearly defined, but appears to be related to some 
concept of more complicated structure and function. 

Prof. Count’s discussion of the data and their 
sources is full and most welcome ; he not only supplies 
the reader with lists of some of the available data, 
but also includes tables in which these data are 
collected. Unfortunately, many of these figures are 
mean-values and consequently of considerably less 
value than the individual observations. For some 
reason Dr. H. B. Latimer’s excellent data on cats 
are not included, and are considered to be ‘‘too good”’ ; 
no reason for such a rejection is given. 

Snell* was first to suggest the use of the formula 
y = ax, and the adoption and development of this 
formula for brain/body weights by Dubois, Lapicque 
and Brummelkamp is well known. These authors 
have maintained that the value of the parameter b 
is 0-56 for different but related species of vertebrates, 
but is 0-26 for animals of different sizes but belonging 
to the same species. Brummelkamp, moreover, has 
stated that the values of log a are always integral 
multiples of 4/2. Count discusses this work in con- 
siderable detail and rightly concludes that these 

values for the parameters have no adequate 
foundation. This work has already been criticized 
by v. Bonin, who has treated the data from a different 
point of view and fits a straight line to the logarithms 
of the body-weights and brain-weights of mammals, 
concluding that the value of 6 was 0-655 while the 
value of a varies from species to species. Count’s 
objection to v. Bonin’s treatment seems to be mainly 
subjective ; he thinks that mammals form too large 
@ group, and considers that if two animals have the 
same body-weight, the one with the larger brain will 
be the more intelligent. The method of v. Bonin does 
not lead to this conclusion. 

Many of these criticisms are well founded, especi- 
ally those directed against the Dubois—Lapicque— 
Brummelkamp school, but other equally radical 
criticisms may be made which would also apply to 
Count’s own treatment—the mathematical treatment 
is quite inadequate. 

If it is decided to fit a curve y = f (x, a, b,c. ..), 
where x is the independent variable and a, b, c are 
parameters, it is n to make certain assump- 
tions about the distribution of the variables. If we 
fit by the method of least squares, we usually assume 
that the z’s are free from error and the y’s are norm- 
ally distributed ; the values of the parameters and 
their standard errors can then often be estimated. 
The authors discussed by Count, and Count himself, 
assume that the results of fitting 


y = ax and log y = loga + blogz 


will be the same. This is not the case, since we 
assume y to be normally distributed with z free 
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from error in the first case, whereas in the second 
case log y is assumed to be normally distributed with 
log x free from error. If y is normally distributed, the 
distribution of log y will not be normal, and con- 
versely. This point has been briefly discussed else- 
where*. Presumably, Count has assumed a log 
normal distribution, but he has not estimated the 
standard errors of the parameters and consequently 
comparisons between their values are impossible. 
Furthermore, his curves have been fitted to mean 
values of groups; this leads to further difficulties 
which are not mentioned, and it would appear that 
mean values have been treated as if they were 
actually observations. 

It is not clear why the particular form log y = log a 
+ 6 log x — ec (log z)* should have been chosen as 
giving the best description of the data. A number of 
formule is listed (p. 1,034), and the author states 
that these are “less satisfactory’. No indication of 
a criterion for this judgment is given, but it would 
appear that it was merely subjective (“It seems a 
very fair fit’, p. 1,042). In fact, although the author 
prefers his formula to the allometric form, he nowhere 
shows that his formula does, in fact, give a closer fit : 
since he introduces an extra parameter, it probably 
does. 

Count also criticizes previous workers for allowing 
their personal views to influence their choice of data, 
but he does not appear to be free from this reproach 
himself ; for example, he omits the Cynocephali from 
the Cercopithecide “‘because of their obviously high 
specialization” (p. 1,035). His omission of Dr. 
Latimer’s data has been noted already. 

No theoretical justification is given for the new 
formula and no biological interpretation of the para- 
meters is suggested. If it were possible to find a 
theoretical basis for this formula, one would find it 
of greater interest; but the author says that it is 
frankly empirical and offers no hope of any such 
justification. The analogy which is drawn between 
the cephalization exponent and the path of a pro- 
jectile is quite unconvincing. 

The paper is not easy to read. The author speaks 
of “complex exponents in place of the 6”: pre- 
sumably he means that 6 may be a real function of x 
and not merely a number. The adjective ‘statistical’ 
is used where the author seems to mean ‘numerical’. 
The sentence (p. 1,055) “This apparent fact may be 
important, evolutionally: for good results in geo- 
metric statistics, it is vitiating’’ is incomprehensible. 
Many other examples could be quoted. 

Prof. Count has provided a valuable summary of 
the data relating to his subject, and his criticisms 
and speculations are interesting. Unfortunately, he 
has failed to apply modern statistical methods and 
to appreciate the limited value of empirical formule. 
Any such formule would imply that the increasing 
complexity of the brain, both in structure and 
function, which is found in vertebrate phylogeny, 
can be analysed in terms of its weight and that of 
the body of the animal. It is doubtful if this is 
possible since, although the physiological unit of 
neural activity may be the same throughout the 
vertebrate system, it would appear that the anatomical 
patterns formed by these units increase in com- 
plexity and not merely in size. For example, the 
optic tecta of Amphibia and Reptilia have different 
structural patterns, and the thalamus of Reptilia has 
a different pattern from that of rodents and so on. 
Even for these two structures the analysis must go 
deeper ; a fortiori it would seem that mere weight is 
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- too superficial a unit for the analysis of the total 
rain. 

In order to make a mathematical analysis of brain 
organisation, either in ontogeny or phylogeny, the 
physiological patterns and their correlated anatomical 
structures need deeper quantitative investigation. It 
may then be possible to form a mathematical model 
which will enable us not only to picture our present 
knowledge concisely, but also will suggest directions 
for future research. Donatp SHott 

Con raat ose ny, Nae Hen Dae tep 
Ann. New York Acad. Sci., 46, Art. 10, 993-1122 (1947). 
* Snell, O., Arch. f. Paychiat. u. Nerv., 28 (2) (1891). 
* Sholl, D., Nature, 158, 269 (1947). 





RUTHERFORD CELEBRATIONS IN 
PARIS 


N November 7 and 8, in Paris, the World 

Federation of Scientific Workers, the presicent 
of which is Prof. F. Joliot-Curie, held a solemn 
commemoration of the tenth anniversary of the 
death of Lord Rutherford. This graceful and 
extremely successful tribute by scientific men from 
all parts of the world emphasized the international 
character of science and the deep regard and lively 
admiration of men from twenty nations for the work 
and personal qualities of the greatest of contemporary 
British scientists. The presence of Lady Rutherford, 
and of two of her grandchildren, gave a personal 
character to the ceremony which a purely scientific 
gathering would have lacked. 

The conference proper began with a reception by 
the President of the French Republic in the after- 
noon of November 7 at the Elysée Palace, at which 
guests were received by the President and Mme. 
Auriol. The Premier and members of the Cabinet 
were present. M. Auriol spoke of the work of Ruther- 
ford and of the international character of science, 
and expressed optimism that the fruits of his genius 
and of science in general would be used for the good 
of mankind. Prof. F. Joliot-Curie responded. The 
grandeur of the Palace, the magnificence of this 
tribute by the French nation through its President, 
and the charm of our hosts, made a deep impression 
upon all, and especially upon the British delegates. 

In the evening at 9 p.m. a solemn commemoration 
was held in the Great Hall of the Sorbonne. The 
French Foreign Minister, M. Bidault, was in the 
chair and the hall was crowded with more than two 
thousand people, including diplomatic representatives 
of many countries. Tributes were paid by Prof. Niels 
Bohr (Denmark), whose message was read by Dr. 
Moller, by M. de Broglie (France), Prof. M. L. 
Oliphant (Great Britain), Prof. Harold Urey (United 
States), and Prof. Joliot-Curie (president of the World 
Federation of Scientific Workers). A large illuminated 
photograph of Rutherford hung over the stage, an 
orchestra played before the proceedings began and 
between the speeches, and the recorded voice of 
Rutherford was heard through the loud-speaker 
system. This was a most solemn and moving occasion. 

On the morning of November 8 further tributes 
were paid in the lecture theatre of the Collége de 
France by Prof. M. N. Saha (India), Sir George 
Thomson (Great Britain), Prof. J. 8. Foster (Canada) 
and Mme. Iréne Joliot-Curie (France). M. Louis de 
Broglie was in the chair. It is understood that all 











CU 


¢ F 
H. 
the cr 
are di 
are Ff 
stakes 
fencin 
is pre 
of the 
the b 
produ 
very | 
as, for 
setshi 
and a 
Engla 
know 
numb 
parts 
produ 
types 
comm 

Wh 
size, t 
onan 
toav 
it is d 
cricke 
must 
willow 















Vorld 
ident 
lemn 

the 

and 
from 
10nal 
ively 
wi rk 
rary 
ford, 
sonal 
itific 


n by 
fter- 
hich 
ime. 
net 
ther- 
noe, 
mnius 
rood 
The 
this 
lent, 
sion 
ates. 
{tion 
The 

the 
two 
fives 
Niels 

Dr. 
. a 
Lited 
‘orld 
ated 
, an 
and 
e of 
aker 
‘ion. 
utes 
» de 
orge 
uda) 
3 de 
, all 







1947 


hes will be published in French. Advantage 
was taken of the character of the gathering to hold 
a discussion on the international and social impli- 
cations of modern science, a subject dominated at 
the present time by atomic energy, the practical 
fruit of the scientific labours of Rutherford and his 
colleagues throughout the world. 

There was a reception at the Maison de la Pensée 
Francaise and a lecture on “The Function of Inter- 
national Science in the Solution of the Economic 
Problems of To-day” delivered in French by Prof. 
J. D. Bernal. 

It was particularly fitting that these celebrations 
should have been held in France, where Becquerel 
and the Curies laid the foundation of nuclear physics 
by their pioneering discoveries in radioactivity, and 
especially that the daughter and son-in-law of the 
Curies should have been largely responsible for the 
conception and organisation of the conference. Those 
of us who were students and colleagues of Rutherford 
found the proceedings in every way appropriate, 
magnificent in conception and strangely moving. 
This spontaneous tribute to the genius and lovable 
personality of Rutherford merits the gratitude of all 
Britons. 

The organisation of the commemoration was in the 
hands of a committee of the World Federation of 
Scientific Workers, and its great success was due 
largely to the generous hospitality of the French 
Government and its full participation in the pro- 
ceedings. The United Nations Educational, Scientific 
and Cultural Organisation recognized the unique 
significance of the occasion by providing funds to 
cover the travelling expenses of many who attended. 
M. L. OLIPHANT 
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CULTIVATION OF THE CRICKET 
BAT WILLOW 


N Forestry Commission Bulletin No. 17 (London : 

H.M. Stationery Office, 1946) the cultivation of 
the cricket bat willow is described. The tree willows 
are divided into two groups. In the first, the trees 
are pollarded and yield small produce such as 
stakes and poles, the latter used for hurdles and rough 
fencing. In the second group, timber of larger size 
is produced which may be used, as in some parts 
of the Midlands, for making field gates, but of which 
the best known and most important manufactured 
product is the cricket bat. Pollarded willows are 
very characteristic sights in many parts of England 
as, for example, in the valley of the Thames ; Somer- 
setshire marshes ; the levels of the Bedfordshire Ouse, 
and along many of the small streams in southern 
England. In most cases the agricultural population 
know well how to deal with this type of tree, the 
numbers of which do not appear to diminish in the 
parts of the country where they are found, and their 
produce furnishes a very useful source of certain 
types of woody material in use by the agricultural 
community. 

When the object is to produce material of timber 
size, the areas devoted to willow must be treated 
on a more intensive forestry method, and this applies 
to a very high degree in the case of trees from which 
it is desired to obtain timber for the manufacture of 
cricket bats. With this object in view the willow 
must be selected with very great care so far as the 
willow stock is concerned, and to-day, for the purpose 
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in question, it has led to an ever-increasing demand 
for Salix alba var. cerulea. The demand for this 
variety has been a matter of gradual development, 
and the methods of its cultivation have been care- 
fully improved, based on trial and error with reference 
to methods of propagation and planting. 

In the past, a number of private owners have tried 
to undertake the production of this high-quality 
willow timber, with the object of selling it as material 
for cricket bat production, and considerable failures 
have resulted. It is not that the cultivation of the 
willow itself is actually difficult, but a great deal of 
close attention is necessary, and more especially 
during its early life, and the right variety must be 
obtained at the start. It is for this reason that the 
Forestry Commission has had drawn up and issued 
this bulletin on the cultivation of this valuable 
product. The subject is dealt with under situation, 
climate, soils, propagation (by various methods), 
planting and tending the trees; also the various 
types of possible damage are discussed ; the character 
and uses of willow timber, and finally the systematy 
of the cricket bat willow and its allies. In fact, the 
bulletin may be considered to be an up-to-date guide 
to any who wish to take up this interesting branch 
of economic tree-growing. There is also a number of 
plates illustrating the text. 





FORTHCOMING EVENTS 
(Meeting marked with an asterisk * is open to the public) 


Saturday, December 6 


NortTa OF ENGLAND -[NSTITUTE OF MINING AND MECHANICAL 
owen (at poe a Newcastle-upon-Tyne), at 2.30 p.m.— 
Mr. Donald Hindson, J “Some Aspects of Dutch Coal Mining”. 


Monday, December 8 


CHEMICAL Socrety (in the Main Chemistry Lecture Pa 4 

University, Edgbaston, arr at 4.30 p.m.—Dr. W. 
“Mechanisms of Oxidation” 

INSTITUTION OF THE RUBBER INDUSTRY, MIDLAND SECTION (at the 
James Watt Memorial Institute, Great Charles Street, Birmi ™m), 
on p:m.—Dr. D. Parkinson: ‘“‘Newer Developments in Carbon 

c ° 


Tuesday, December 9 


ZOOLOGICAL SocrETY OF LONDON (at Regent's Park, London, N.W.8), 
at 5 p.m.—Scientific Papers. 

“INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Soe, 
Burlington House, pee of London, W.1), at 5.30 p.m.—Mr. H. 
Pratt: “The Heat Transfer in a Reaction Tank Cooled. by as of 
a Coil”. 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Mr. 
B. E. G. Mittell: “Commercial Disc Recording and Processing’. 

ILLUMINATING ENGINEERING Socrety (at the E.L.M.A. Lighting 
Service Bureau, 2 Savoy Hill, London, W.C.2), at 6 p.m.—Dr. J 
Nelson: ‘Decoration and Industrial Lighting’. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 
CounNTIES SECTION (in the Material Research Laboratory, ae 
Lamps, Ltd., New Road, Mitcham Junction), at 7.15 p.m.—Mr. 
Cc. G. A. Hill, assisted by colleagues : “Luminescent terials— 
their Properties and Uses’, with demonstrations. 


Wednesday, December 10 


INSTITUTE OF FUEL, NORTH-WESTERN SECTION (at the Engineers’ 
Club, Albert Square, Manc hester), at 2 p.m.—Mr. 8S. W. Bertenshaw : 
“Oil Firing Practice” 

ROYAL SOCIETY OF ‘ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. Michael Graham : “Science and the Fishing 
Industry’’. 

GroLocicaL Soctsty (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Scientific Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS, TRANSMISSION SECTION 
oe ey ee Victoria Embankment, London, W.C.2), at 5.30 p.m. 

H. Hurworth: ‘Some Observations on Oil Deterioration in 
Saaniuaee pa and Switchgear” ; » Forrest : “An Electrical 
Resistance Test for Insulating Oils”. 

MANCHESTER LITERARY AND PurLosormscas Socrgty, SocraL 
PHILOSOPHY SECTION (at the Portico eg 57 Mosley Street, Man- 
chester), at 5.30 p.m.—Lecture by Miss C. V. Wedgwood.* 

Socrety OF CHEMICAL INDUSTRY he. PANEL of the Foop 
GrovpP (at the Chemical Society, Burlington House, Piccadilly, panne, 
W.1), at 6 p.m.—“‘Organoleptic Tests in the Food Industry” 
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MANCHESTER METALLURGICAL Socrety (at the Engineers’ 
Albert Square, Manchester), at 6.30 p.m.—Mr. Ivor Jenkins : 
trolled Atmospheres for Heat Treatment of Metals” 

_ INSTITUTION OF THE RUBBER INDUSTRY, PRESTOY SECTION (at the 
Victoria and Station Hotel, Preston), at 7 p.m.—Mr. H. Jackson : 
“The Nature and Reason for Ingredients in Rubber Mixings’’. 

INSTITUTION OF STRUCTURAL ENGINEERS, LANCASHIRE AND CHESHIRE 
BRANCH (at the College of Technology, Manchester), at 7 p.m, 
Mr. T. H. Carr: “Civil Engineering, with particular reference to 
Structural Work for Power Stations” 

INSTITUTE OF WELDING, NORTH LONDON BRANCH (at East Ham 
Technical College, Barking Road, London, E.6), at 7.30 p.m.—Mr. 
C. E. Slade: “Developments in Resistance Welding’’. 

SOCIETY OF DYERS AND COLoU RISTS, NORTHERN IRELAND Sgerion 
(at the Queen's Hotel, Belfast), at 7.30 p.m.—Mr. J. Boulton : “What 
Research has Meant to the Practical Dyer and What it will Mean” 


Club, 
“Con- 


Thursday, December I! 


CHEMICAL Society (in the Chemistry r+ ~ Theatre, The Univers- 
ity, Liverpool), at 4.30 p.m.—Prof. F. G. Young: “Hormones and 
Enzyme Action”. 

Royal Society (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Discussion on ““The Physiology of — e to Disease 
in Plants’’ (to be opened by Prof. W. Brown, F.R.5 

LINNEAN Soctgety OF LONDON (at Burlington ai Piccadilly, 
London, W.1), at 5 p.m.—Scientific Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS, INSTALLATIONS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m, 

Mr. R. Allan: ‘Electrical Engineering Problems in the Tropics’ 

INSTITUTION OF CIVIL. ENGINEERS, NORTH-WESTERN ASSOCIATION 
(at the Engineers’ Club, Albert Square, Manchester), at 6.30 p.m.— 
Mr. T. K. George and Mr. K. B. Manyam: “The Rational Design 
of Settlement Tanks”’. 

ROYAL PHOTOGRAPHIC SOCIETY, SCIENTIFIC AND TECHNICAL GROUP 
(at 16 Prince’s Gate, London, 8.W.7), at 7 p.m.—Mr. G. B. McAlpine: 
“Photography of Small Objects for Reproduction” 

WOMEN'S ENGINEERING Soctrety (at 35 Grosvenor Place, London, 
8.W.1), at 7 p.m.—Mr. C. Cropper and Mr. G. M. Wells: *‘Ultrasonics’’. 

Socrsty OF DYERS AND COLOURISTS, WEST RIDING SECTION (at 
the Great Northern Victoria Hotel, Bradford), at 7.15 p.m.—Dr. 
R. L. Elliott: “Dyeing and Finishing from the Consumer Angle”’. 

CHEMICAL Soctety, Soctety oF CHEMICAL INDUSTRY, and ROYAL 
INSTITUTE OF CHEMISTRY, EDINBURGH AND EAST OF SCOTLAND 
SECTIONS (at the North British Station Hotel, Edinburgh), at 7.30 p.m. 
—Dr. G. Roche Lynch: “Medico-Legal Experiences”. 

PHARMACEUTIOAL SocteTy (at 17 Bloomsbury Square, London, 
W.C.1), at 7.30 p.m.—Dr. Adrien Albert: “Modern Knowledge of 
Protein Structure and its Pharmaceutical Significance’’. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 
COUNTIES SECTION (at Acton Technical College, High Street, Acton, 
London, W.3), at 7.30 p.m.—Dr. H. Baines: “The Chemist in the 
Photographic Industry”’ 

PHARMACEUTICAL SOCIETY, MANCHESTER, SALFORD Am DISTRICT 
BRANCH (at. the Midland Hotel, Manchester), at 7.45 N 


Linstead: ““Pharmacy under the National Health dervice” 


Friday, December 12 


TEXTILE INSTITUTE (at 16 St. Mary’s Parsonage, Manchester), at 
1 p.m.—Mr. F. Heywood: “Textile Machinery Development and 
Research” 

ASSOCIATION OF APPLIED BIOLOGISTS (in the Surveying Lecture 
Theatre, Royal School of Mines, South Kensington, London, 8.W.7), 
at 11 a.m.—Dr. E. 8. Bunting: “Oil Seed Crops’; Dr. K. Holly: 
“Control of Weeds in Oil Seed Crops’; at 2.15 p.m. (in the Mathe- 
matics Lecture Theatre, Huxley Building, Royal College of Science)}— 
Dr. 8. G. Jary: “Insect Pests of Brassica Seed Crops’; Dr. J. R 
Busvine: “The Mosquito Eradication Campaign in Sardinia”. 

PuysicaL Society, OptTicaL Grovp (joint meeting with the 
LNDUSTRIAL Spectroscopic Group of the INSTITUTE OF Puysics, in 
the Physics Department, Imperial College of Science, Imperial 
— Road, London, 3.W.7), at 3.30 p.m.—Demonstrations and 
~aper. 

ROYAL ASTRONOMICAL SocteTy (at Burlington House, Piccadilly, 
London, W.1), at 4.30 p.m.—Scientific Papers. 

[INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m. 

Mr. R. Poole: “‘The Design, Testing and Calibration of a Combust- 
ible-Gas Detector’. 

[INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS 
GROUP (at Storey’s Gate, St. James’s Park, London, 8.W. 1), at 5.30 p.m. 
— Papers on *‘Photo-Elasticity’’. Mr. W. A. P. Fisher : “Basic Physical 
Properties relied on in the Frozen Stress Technique”; Mr. R. B. 
Heywood: “‘Modern Applications of Photo-Elasticity’’. 

INSTITUTION OF ELECTRONICS, NORTH-WESTERN BRANCH (in the 
Reynolds Hall, College of Technology, Manchester), at 6.30 p.m.— 
Prof. R. E. Peierls, F.R.S.: ““The Electron and other Constituents of 
Matter” 

OT AND COLOUR CHEMISTS’ ASSOCIATION, MANCHESTER SECTION 
(at the Engineers’ Club, Albert Square, Manchester), at 6.30 p.m.— 
Educational Films: (a) “‘Flame C leaning of Structures prior to ot 
ing’; (5) “Spray Painting Technique” (Commentary by Mr. F. 
Dunkley) 

PLASTICS INSTITUTE (at the Engineers’ Club, Albert Square, Man- 
chester), at 6.45 p.m.—Mr. H. R. Poole: “Silicone Resins’. 

INSTITUTE OF ECONOMIC ENGINEERING (at Cowdray Hall, Henrietta 
Place, London, W.1), at 7 p.m.—Miss Patricia Elton Mayo: “The 
Consultant’s Approach’. 
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PAPER MAKERS’ ASSOCIATION (TECHNICAL DIVISION), 
DIVISION (at the Engineers’ Club, Albert Sq 
7 p.m.—Mr. B. Dixon and Mr. W w. J. Bi 
ments in Paper-making Machinery” 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), # 
9 p.m.—Prof. H. Munro Fox, F.R.S.: “Red, Green and Bh Blood” 


Saturday, December 13 


BIOCHEMICAL Soctety (at the London School of Hygiene 
Tropical Medicive, Keppel Street, London, W.C.1), at 1! 
Symposium on “The chemical! Reactions of Chemical 
Agents”. 

BRITISH PSYCHOLOGICAL Society (in the Hastings Hall, Tavistock 
House, Tavistoc k Square, London, W.C.1), at 2.30 p.m. —Mr W.R. 
Geddes : “Incentives in a Changing Native ‘Culture”’. 

INSTITUTION OF CHEMICAL ENGINEERS, NORTH-WESTERN SRASOH 
(in the Reynolds Hall, College of Technology, ce at 3 pm 
Mr. C. Toyne: “Heat Transfer in Agitated Pa 


December 6, 


Nor’ 
uare, Manchester at 
inns: “Some Modern De 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments 
before the dates mentioned : 

ASSISTANT LECTURER IN PuHysics at the University of Otago 
Dunedin—The High Commissioner for New Zealand, 415 Strand, 
London, W.C.2 (December 15). 

ASSISTANT CHEMIST IN THE PLANT PROTECTIVE CHEMISTRY Szotigy 

-The Secretary, East Malling Research Station, East Malling, Mai. 
stone, Kent (December 15). 

PROFESSOR OF DENTAL PROSTHETICS in the King Edward Vij 
College of Medicine, Singapore—The Secretary, Inter-University 
wae for Higher Education in the Colonies, 8 Park Street, London, 

.1 (December 31). 

ef: £- — DEMONSTRATORS (2) IN THE DEPARTMENT OF Gpo- 
G@RAPHY—The Secretary, Appointments Committee of the Faculty of 
Geography and Geology, Department of Geography, Downing Place, 
Cambridge (December 31). 

LECTURER IN ANATOMY to teach histology and embryology, a Saxon 
LECTURER IY AGRICULTURE, and a READER IN AGRICULTURE, at 
Makerere College, Uganda—The Secretary, Inter-University Counel 
for Higher Education in the Colonies, 8 Park Street, London, Wi 
(December 31). 

SENIOR LECTURER or LECTURER IN PHYSICS at Natal University 
College, Pietermaritzburg—The Secretary, Universities Bureau of the 
British Empire, 8 Park Street, London, W.1 (December 31) 

DIRECTOR, and ASSISTANT SCIENTIFIC OFFICERS (3), AT THE 
POULTRY RESEARCH StaTION—The Scientific Director, Veterinary 
Educational Trust, 232-235 Abbey House, Victoria Street, London, 
S.W.1 (December 31). 

CHAIR OF PHILOSOPHY at King’s College, Newcastle-upon-Tyne— 
ivy Registrar, University Office, 46 North Bailey, Durham (December 
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_— OF THE DEPARTMENTS OF BOTANY, ZOOLOGY, PHYSIO- 
LOGY, ANATOMY, PATHOLOGY, MEDICINE, SURGERY, and PUBL 
HEALTH, at Ibadan College, Nigeria—The Secretary, Inter-University 
Council for Higher Education in the Colonies, 8 Park Street, London, 
W.1 (January 1). 

LECTURERS (2) IN CHEMICAL ENGINEERING—The Secretary, The 
University, Edmund Street, Birmingham 3 (January 1). 

SUPERINTENDENT IN THE SHIP DIVISION of the National Physical 
Laboratory—The Secretary, Civil Service Commission, Scientific 
Branch, 27 Grosvenor Square, London, W.1, quoting No. 2065 (Jan 
uary 7). 

SENIOR PRINCIPAL SCIENTIFIC OFFICER in the TELECOMMUNICATIONS 
RESEARCH ESTABLISHMENT of the Ministry of Supply at Malvern— 
The Secretary, Civil Service Commission, Scientific Branch, 27 
Grosvenor Square, London, W.1, i No. 2066 (January 7). 

EcoLoeist in the Tsetse Contro! Department of the Government of 
Uganda—The Director of Recruitment, Colonial Service, 15 Victoria 
Street, London, 8.W.1. 

GENERAL FARM MANAGER at the Livestock Research Centre—The 
Scientific Director, Veterinary Educational Trust, 232-235 Abbey 
House, Victoria Street, London, 8.W.1 

PROFESSOR OF PHARMACOLOGY by the Government of Iraq for the 
Royal College of Medicine, Baghdad—The Crown Agents for the 
Colonies, 4 Millbank, London, 8.W.1, quoting M.N.18525. 

EXPERT IN AGRICULTURAL EXTENSION AND DEMONSTRATION WORK 
by the Government of Iraq for the Directorate-General of Agriculture— 
The Crown Agents for the Colonies, 4 Millbank, London, 5.W.1, 
quoting M.N.13179. 

ENTOMOLOGIST by the Government of Iraq for work in the Plast 
Protection Division of the Directorate-General of Agriculture—The 
Crown Agents for the Colonies, 4 Millbank, London, 5.W.1, quoting 
M.N.18155. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Other Countries 


Abridged Scientific Publications from the Kodak Research Labora- 
tories. Vol. 27, 1945. Pp. 314 + xii. (Rochester, N.Y. — 
Kodak Co., 1946.) 

Fieldiana : Geology. Vol. 10, No. 3: 
from Manchuria. By Rainer Zangerl. Pp. 13-22. (Chicago: Chicago 
Natural History Museum, 1947.) 15 cents. (248 

Fieldiana : Zoology. Vol. 31, No. 7: The South American Rodent 
of the Genus Neotomys. By Colin Campbell Sanborn. Pp. 51-58. 15 
cents. Vol. 31, No.8: The Sheath-tailed Bat of the Palau and Marshall 
Islands. By Colin Campbell Sanborn. . 59-62. 10 cents. (Chicago: 
Chicago Natural History Museum, 1947.) [243 
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